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ABSTRACT
Essays on the Labor Market Transitions in Taiwan
by
Uniko (Yi-Jian) Chen
Chair: John Bound
This dissertation consists of three chapters. The first chapter studies how the expan-
sion in post-secondary education in 1990-2000 affected the university wage premium in
Taiwan. We find that the university wage premium does not seem to plummet, which
implies the relative demand for university-educated workers must have increased dra-
matically, absorbing almost entirely the increase in relative supply. Our calculations
show that the change in industrial and occupational structures explains about 20-
40% of the increase in demand, while changes in the average quality of university
graduates due to this expansion have little explanatory power.
The second chapter studies how trade and outsourcing affect the demand for
skilled labor in Taiwan between 1981 and 2011. We incorporate a global input-output
system to construct a better measure of the factor content of trade, which includes
the effect of outsourcing through trade in intermediate inputs. Since we have separate
input-output tables for domestically produced and imported intermediate inputs, our
global input-output system does not rely on the proportionality assumption. However,
despite constructing the factor content of trade with care, our results still suggest
that trade and outsourcing affect little the relative demand for skilled labor. We then
xiii
explain that our results might be an underestimate: The coordination of outsourcing
activities is often carried out by non-production workers, who tend to be skilled
workers, but this effect is either inaccurately accounted for or excluded totally from
our data.
The third chapter studies how the effect of family socio-economic status (SES) on
post-secondary education attainment changed during the expansion in post-secondary
education in Taiwan, and we formulate a model which separates the distribution of
educational attainment, which is determined by admission quotas, and the allocation
of education among people with different levels of SES, which holds fixed admission
quotas and is determined by factors such as admissions process and the optimization
behavior of individuals. Our point estimates suggest an increase in the effect of SES
on advancing to post-secondary education, but the standard errors are very large,
making the increase statistically insignificant.
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CHAPTER I
The Impact of the Expansion in Post-Secondary
Education on the University Wage Premium in
Taiwan
1.1 Introduction
The opportunity of accessing post-secondary education used to be limited in Tai-
wan, but in the 1990s, the Taiwanese government started to increase the number
of universities and university admissions. As a result, the number of baccalaureate
recipients increased by over five times from 1990 to the 2000s (Figure 1.1), and a
cross-country comparison on the population share of completing post-secondary edu-
cation by age group in 2011 further indicates that this expansion is both large and fast
(Table 1.1).1 With regard to the supply of university-educated workers in Taiwan,
the employment share, measured as the percentage shares of total weekly working
hours, increased from about 5% before 1980 to about 20% in 2011 (Figure 1.2), and
for workers with 0-4 years of potential experience, which roughly corresponds to the
number of years for which workers have left school, it increased from about 5% before
1 Table 1.1 includes people completing university education and above for Taiwan and people
completing type A or advanced research programs for other countries. When we add junior colleges
for Taiwan and type B tertiary education for other countries, the magnitude of the increase is still
the largest for Taiwan.
1
1980 to more than 50% in 2011 (Figure 1.3).
One might think that the huge influx of workers with post-secondary education
would make the university wage premium to fall dramatically, but the data does not
seem to suggest so. Figure 1.4 plots the university wage premium, which is measured
as the difference of the mean log hourly wage between workers with and without
university education, after controlling for workers’ demographic characteristics. As
can be seen, the university wage premium does not seem to plummet. Figure 1.5 plots
the university wage premium by workers’ years of potential experience, and it shows
that, from 1978 to 2011, the university wage premium decreased by around 15% for
workers with 0-9 years of potential experience, and increased by around 10%-20%
for the rest of the workers. Nevertheless, even for the least experienced workers, the
university wage premium still remains high, or around 0.6, which is similar to the
value in the U.S. in 2005 as reported by Goldin and Katz (2008).
The purpose of this paper is to explain the observed patterns in the relative
supply and relative wage of university-educated workers as described above. We
apply a supply-demand framework, and we allow less- and more-experienced workers
to be imperfect substitutes in our model because the patterns of the university wage
premium are different for less- and more-experienced workers. Since the number of
university admission in Taiwan is highly regulated by the government, and the number
of students willing to pursue post-secondary education tends to greatly exceed the
number of admissions, we can view the increase in the relative supply of university-
educated workers in Taiwan as exogenous. We use this model to infer the shifts in
the relative demand for university-educated workers, and then quantify the extent
to which several factors explain these inferred demand shifts. We also document the
change in the system of post-secondary education and the composition of the student
body due to the expansion, point out how this might affect the relative quality of
university-educated workers, and then assess the extent to which this affects our
2
results as robustness checks.
With regard to the literature, this paper relates to earlier studies on the develop-
ment of Taiwan and Korea, such as Gindling and Sun (2002), Lin and Orazem (2003),
and Lu (1993) on Taiwan, and Choi (1996) and Kim and Topel (1995) on Korea. We
also provide an interesting comparison to the research using the U.S. data. Freeman
(1976) studied the drop in the earnings of college graduates relative to the earnings
of non-college graduates during the late 1960s and early 1970s. He concluded that
this drop was mainly due to the relative increase in the number of college graduates
and therefore Americans were “over-educated.” However, in the 1980s, the relative
earnings of college graduates in the US started to increase. Both Katz and Murphy
(1992) and Card and Lemieux (2001) used a supply-demand framework to explain
the decrease and then the increase of college graduates’ relative earnings in the last
30 to 40 years. Bound and Johnson (1992) studied the extent to which various fac-
tors, including changes in the relative supply of college graduates, product demand,
institutions, and technology, are responsible for the increase in the relative earnings
of college graduates in the 1980s, and they found that the primary cause was the
growth in the skill-biased technology. Goldin and Katz (2008) used the term “the
race between education and technology” to describe the counterbalance between the
relative supply and demand for college-educated workers. They found that during
the period of 1915 to 2005, “education raced far ahead of technology” before 1980,
so the college wage premium trended down, but later, “education lost the race to
technology,” so the college wage premium started to trend up and eventually reached
back to the 1915 level during the late 2000s.
Using the terminology of Goldin and Katz (2008), our results suggest that, in
contrast to the situation in the US, education and technology in Taiwan so far have
reached a tie in the race: Both the relative supply and the relative demand for
workers with post-secondary education have increased dramatically, and the increase
3
in relative demand has almost entirely absorbed the increase in relative supply. The
change in the industrial and occupational compositions in the labor market seems
to favor university-educated workers over time, and it explains about one-third of
the increase in the relative demand for university-educated workers. The results are
similar after controlling for possible changes in the quality of labor force due to the
expansion.
The rest of the paper is organized as follows. Section 1.2 describes the current
educational system and the expansion in post-secondary education during the 1990s
in Taiwan. Section 1.3 calculates the change in the relative demand for university-
educated workers inferred from the changes in the relative supply and relative wage of
university-educated workers, taking into account the elasticity of substitution among
workers with different levels of education attainment and potential experience. Sec-
tion 1.4 quantifies how the changes in industrial and occupational compositions in the
labor market affect the relative demand for university-educated workers, and com-
pares this relative demand measure with the relative demand measure generated in
Section 1.3. Section 1.5 investigates the extent to which changes in the relative quality
of university-educated workers affect the university wage premium. Lastly, Section
1.6 concludes and provides directions for future research.
1.2 Educational System, Expansion in Post-Secondary Edu-
cation, and the Supply of University Graduates in Tai-
wan
1.2.1 The Current Educational System in Taiwan
Figure 1.6 illustrates the current educational system in Taiwan. The compul-
sory education in Taiwan takes nine years, with six years of education in elementary
school and three years in junior high school. After graduating from junior high
4
school, if students want to receive more education, they typically have to take en-
trance examinations to advance to a higher level of schooling. With the test scores
of entrance examinations, a junior high school graduate can choose to attend senior
high school, which is generally for academically-oriented students who plan to pursue
post-secondary education; or a vocational senior high school or five-year junior col-
lege, which are typically for more vocationally-oriented students. Most of the students
in vocational senior high schools and five-year junior colleges used to enter the labor
market after graduation, but many of them now pursue post-secondary education as
well.
Senior high schools and vocational senior high schools take three years, while
five-year junior colleges take five years, with the first three years considered to be
equivalent to vocational senior high schools. In terms of degrees awarded, senior high
schools and vocational senior high schools award diplomas, while junior colleges award
associate degrees, which are higher than diplomas.2 In addition, senior high school
and vocational senior high school graduates can attend two-year junior colleges (for
those who graduated from senior high schools before the 1990s, there were three-year
junior colleges), and they are also awarded associate degrees after finishing two-year
colleges.
With regard to post-secondary education, universities and four-year colleges are
mostly for academically-oriented students, and both confer bachelor degrees. Four-
year colleges can be viewed as universities with fewer faculties (or disciplines and
specialities). Since these institutions typically accept senior high school graduates,
their joint entrance examinations focus more on academic subjects, such as Chinese,
English, mathematics, history, geography, physics, chemistry, and biology. Note that
four-year colleges are different from junior colleges because the former award bachelor
2 Junior college graduates were awarded diplomas as well until 2004 when associate degree was
introduced in Taiwan. However, be it junior college diploma or associate degree, both of them are
still higher than senior and vocational senior high school diplomas, and employers still see them as
certificates of graduation from junior colleges.
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degrees, while the latter award associate degrees.
As to the post-secondary education for vocationally-oriented students, universities
of technology and institutes of technology award bachelor degrees as well. Analo-
gously, the latter can also be viewed as “smaller” universities of technology offering
fewer disciplines of training. The joint entrance examinations of these institutions
thus emphasize less on the academic material and more on vocational knowledge.
Depending on their career objectives, students can choose to take exams in various
subjects, including electronics, machinery, interior design, restaurant management,
business administration, data processing, child care, tourism, home economics, and
applied foreign languages.
Regardless of academic or vocational post-secondary institutions, students in Tai-
wan rank their preference of departments in different institutions before or after the
joint entrance examinations. Then, whether they will be able to enter college, as well
as which school and which department they will enter, are based on their scores of
these examinations. Therefore, unlike the colleges in the US, in Taiwan, students’
majors have been determined by the time they enter colleges.
Due to the variety of post-secondary institutions in Taiwan, throughout our pa-
per, we will use the terms “college” and “university” interchangeably to indicate the
post-secondary institutions awarding bachelor degrees (university, four-year college,
university of technology, and institution of technology). In contrast, when we specify
“junior college,” we are referring to institutions that award associate degrees.
1.2.2 The Expansion in Post-Secondary Education in the 1990s
The vast number and the wide variety of the post-secondary educational insti-
tutions in Taiwan today did not exist until the 1990s. Before the 1990s, there was
almost no institutes of technology or universities of technology, and the number of
universities and four-year colleges was limited. Then, in the 1990s, in response to
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the public reaction to the limited opportunity to access post-secondary education,
the government decided to implement a series of educational reforms, in which more
spots in the post-secondary education were created. Figure 1.7 illustrates the number
of post-secondary institutions from 1978 to 2010. As can be seen, the changes in the
number of post-secondary institutions can be roughly divided into four periods:
• Before around 1990, the number of universities and four-year colleges was kept
small, and there were almost no post-secondary institutions for students in the
vocational path;
• Around 1990-1995, the number of universities and four-year colleges started to
increase modestly;
• Around 1995-2000, the number of universities of technology and institutes of
technology started to increase dramatically;
• In the 2000s, the number of post-secondary institutions plateaued, and voca-
tional institutions accounted for half of the post-secondary institutions.
Comparing the first and the fourth period, we can see that after the expansion in
post-secondary education in the 1990s, the number of post-secondary institutions has
increased from around 20 in 1978 to more than 150 in 2010, and the structure of
post-secondary institutions has shifted from mainly academic to half academic and
half vocational. The proportion of baccalaureate recipients by type of post-secondary
institution also reveals similar patterns. As can be seen in Figure 1.8, the proportion
of the baccalaureate recipients who graduated from the institutions in the vocational
path has increased dramatically since the mid-1990s and reached about 50% in the
2000s.3
3 The website of the Ministry of Education has information on the number of graduates from each
program in each college. Thus, from the types of colleges and the programs they offer, we can roughly
categorize college graduates as being from the academic path or the vocational path. In Figure 1.8,
all the normal universities and normal four-year colleges are categorized as “academic.” All the
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Because creating spots by building new schools is more costly, throughout the
whole process of the educational reform, the government utilized existing facilities as
much as possible. This utilization was done in two ways. Firstly, the government
upgraded some junior colleges to four-year colleges or institutes of technology, which
would later be upgraded to universities or universities of technology. Secondly, the
government started to encourage and allow more private institutions to be established.
Therefore, as seen in Table 1.2, the number of junior colleges drops over time, and
the proportion of private post-secondary institutions has increased from around half
to two-thirds.
Since the number and the admissions of both public and private schools, as well
as other aspects of education, are highly regulated by the Ministry of Education in
Taiwan, and the number of students who desire to receive post-secondary education
has been far exceeding the number of spots available, when the number of universities
and university admissions increase, the proportion of students entering university
increases dramatically as well. Figure 1.9 shows transition rates—the proportion of
junior high school, senior high school, and vocational senior high school graduates
advancing to the next educational level—, which are calculated as the number of
graduates who advance to the next educational level in the next academic year divided
by the total number of graduates in the previous academic year.4 As can be seen,
universities and four-year colleges, except two-year programs in universities and four-year colleges
(mostly for junior college graduates pursuing bachelor degrees), are categorized as “academic.” All
the institutes of technology, universities of technology, and the two-year programs in the universities
and four-year colleges are categorized as “vocational.”
4 Transition rates are calculated as follows:
Transition rate of junior high school graduates =
(Number of first-year students in senior high schools, vocational senior high schools, and five-year
junior colleges who graduated from junior high school in the previous academic year) ÷ (Number
of junior high school graduates in the previous academic year) × 100%;
Transition rate of senior high school graduates =
(Number of first-year students in universities, two-year junior colleges, and three-year junior colleges
who graduated from senior high schools in the previous academic year) ÷
(Number of senior high school graduates in the previous academic year) × 100%;
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before the 1990s, the transition rate of senior high school graduates was about 40%,
and the transition rate of vocational senior high school graduates was close to 0%.
Then, since 1990, the transition rates of senior high school and vocational senior
high school graduates have been increasing dramatically. By 2009, the transition rate
of senior high school graduates increased to about 95%, and the transition rate of
vocational senior high school graduates increased to about 75%.
To sum up, since the educational reform in the 1990s, the numbers of post-
secondary institutions and university graduates have been increasing dramatically,
and these increases are mainly driven by the increase in private vocational post-
secondary institutions. In addition, because education in Taiwan is highly regulated,
these increases can be considered as mainly due to the changes in the educational
policy, rather than the increase in students’ demand for post-secondary education,
which is more likely to be affected by the labor demand for university graduates.
Therefore, to investigate the effect of the expansion in post-secondary education on
the labor market in Taiwan, we can treat the increase in the number of university
graduates as an exogenous shift in labor supply.
1.3 Labor Supply, Labor Demand, and Wages
1.3.1 Basic Specifications: Elasticity of Substitution by Workers’ Educa-
tion and Potential Experience
We use the model presented by Card and Lemieux (2001) to analyze how the
labor supply and demand shifts affect the university wage premium. Assume that
the production function of aggregate output in year t, yt, follows a CES (Constant
Transition rate of vocational senior high school graduates =
(Number of first-year students in universities, two-year junior colleges, and three-year junior college
who graduated from vocational senior high school in the previous academic year) ÷
(Number of vocational senior high school graduates in the previous academic year) × 100%.
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Elasticity of Substitution) form:
yt = (θctC
ρ
t + θntN
ρ
t )
1/ρ, (1.1)
ρ = 1− 1/σEdu,
where σEdu is the elasticity of substitution between workers with and without univer-
sity education, Ct is the aggregate supply of university-educated workers, Nt is the
aggregate supply of non-university-educated workers, and θct and θnt are the techno-
logical efficiency parameters. Also, we assume that Ct and Nt follow a CES form as
well, and they are aggregates of workers across different years of potential experience:
Ct = [
∑
k
(βkC
η
kt)]
1/η, (1.2)
Nt = [
∑
k
(αkN
η
kt)]
1/η, (1.3)
η = 1− 1/σExp,
where k indexes groups of potential experience, σExp is the elasticity of substitution
between workers in different potential experience groups, assumed to be the same for
workers with and without university education, and αk and βk are relative efficiency
parameters.
If workers are paid in the way that the relative marginal products equal relative
wages, after solving the first-order conditions and taking logs, we have the follow-
ing equation summarizing the relationship between relative wages and relative labor
supply:
ln(
W ckt
W nkt
) = ln(
θct
θnt
) + ln(
βk
αk
)− ( 1
σEdu
− 1
σExp
) ln(
Ct
Nt
)− 1
σExp
ln(
Ckt
Nkt
), (1.4)
where W ckt and W
n
kt are the wage of university- and non-university-educated workers
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in potential experience group k during year t, respectively. Then, after arranging
some terms, we obtain
ln(
W ckt
W nkt
) = ln(
θct
θnt
) + ln(
βk
αk
)− 1
σEdu
ln(
Ct
Nt
)− 1
σExp
[ln(
Ckt
Nkt
)− ln(Ct
Nt
)]. (1.5)
Equation (1.5) is almost the same as Equation (8b) in Card and Lemieux (2001),
except that they had relative wages and relative supply by age groups, while we have
relative wages and relative supply by potential experience groups. If labor supply is
exogenous, we can estimate Equation (1.5) by running an OLS regression. Our data
comes from the 1978-2011 Manpower Utilization Survey (MUS), which is similar to
the Current Population Survey (CPS) in the U.S. Details about the MUS can be
found in Appendix A.1.1.
With regard to the variables in Equation (1.5), ln(θct/θnt) and ln(βk/αk) can be
represented respectively by a time trend and dummies of potential experience groups.
Ckt and Nkt are measured in the unit of weekly working hours, W
c
kt and W
n
kt are
measured in the unit of hourly wages, and in order to control for the change in the
composition within the university-educated and non-university-educated workforce,
we run several individual-level wage regressions and use the information from these
regressions to construct Ckt, Nkt, W
c
kt and W
n
kt.
5 As to Ct and Nt, we use the two-step
estimation procedure as suggested by Card and Lemieux (2001) because the values
of Ct and Nt depend on Ckt, Nkt, and the parameters in Equation (1.5). Appendix
A.2 provides the details of how the variables in Equation (1.5) are constructed.
Years of potential experience are either grouped by five years—0-4 years, 5-9
years, ..., 35-39 years, so eight groups in total (labeled as “Five-Year Group” in the
subsequent regression results); or grouped by ten years—0-9 years, 10-19 years, 20-
5 Our data does not have information on hourly wage. Since compensation is mostly quoted
as monthly instead of annually in Taiwan, the survey only asks respondents about their monthly
salary. Therefore, we construct hourly wage as monthly salary divided by four and total working
hours during the reference week. For robustness checks, we also used monthly salary throughout the
whole analysis, and the results were similar.
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29 years, and 30-39 years, so four groups in total (label as “Ten-Year Group” in
the subsequent regression results). Grouping years of potential experience in these
two different ways allows a higher flexibility in modeling the elasticity of substitution
between more- and less-experienced workers, but, as will be seen later, both groupings
generate similar results.6
Table 1.3 presents the estimation results of Equation (1.5) from OLS regressions.
We report the robust standard errors with two-way clustering by year and potential
experience, as proposed by Cameron et al. (2011), throughout this paper, since it is
possible that the error term might be correlated among observations in the same year
or in the same group of potential experience.7 As can be seen, across all specifications,
the coefficient of [ln(Ckt/Nkt)− ln(Ct/Nt)], which represents −1/σExp, is around -0.1
to -0.2, similar to what Card and Lemieux (2001) obtained, so σExp is about 5 to
10 (1/0.1 = 10, 1/0.2 = 5). As to the coefficient of ln(Ct/Nt), which represents
−1/σEdu, as can be seen in Columns (1) and (4), when we use a linear time trend
to represent ln(θct/θnt), the estimate of −1/σEdu is insignificantly different from zero
and much smaller in magnitude than what Card and Lemieux (2001) and Katz and
Murphy (1992) obtained, implying perfect substitutability between workers with and
without university education. However, this does not seem to be plausible because,
6 When years of potential experience is grouped by five years, the elasticity of substitution
between workers with 0-4 years and 5-9 years of potential experience is assumed to be the same
as that between workers with 0-4 years and 35-39 years of potential experience. In contrast, when
years of potential experience are grouped by ten years, workers with 0-4 years and 5-9 years of
potential experience are assumed to be perfect substitutes, but workers with 0-4 years and 35-39
years of potential experience are not. Nevertheless, both ways of grouping basically generate similar
results. The only exception is that the estimate of the elasticity of substitution between more- and
less-experienced workers (σExp) tends to be slightly larger in the “Five-Year Group” regressions
(i.e., the coefficient, which represents −1/σExp, tends to be smaller in magnitude). Basically, when
more-substitutable subgroups are grouped together, the estimates will be more likely to reveal the
elasticity of substitution between the less-substitutable aggregated groups.
7 In addition to two-way clustered standard errors, other standard errors, such as
heteroskedastically-robust standard errors, one-way clustered standard errors by year, and one-
way clustered standard errors by group of potential experience all generate similar results. Since
none of the previously mentioned standard errors allow serial correlations among observations in
different years and groups of potential experience, we also calculate the standard errors proposed by
Driscoll and Kraay (1998), which can be viewed as a version of Newey-West heteroskedasticity and
autocorrelation consistent (HAC) standard errors for panel data, and the results are still similar.
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as discussed in the previous section, workers with and without university education
seem to concentrate in different industries and occupations.
One thing worth noting is that ln(θct/θnt) in Taiwan might not change linearly over
time. When we regress ln(W ckt/W
n
kt) on ln(Ckt/Nkt), dummies of potential experience
group and year dummies in the first-stage regression, the coefficients of year dummies
increase at an accelerated rate (Figure A.2 in Appendix A.2). Also, studies such as Lin
and Orazem (2003) found that a linear time trend alone does not fully control for all
the demand shifts in Taiwan. Therefore, in Columns (2) and (5), we use a quadratic
time trend to represent ln(θct/θnt). As can be seen, adjusted R
2 becomes higher,
indicating that adding a quadratic term fits the data better. Also, the coefficient of
ln(Ct/Nt) now becomes significantly negative, and the magnitude is similar to what
Card and Lemieux (2001) obtained as well, suggesting σEdu to be around 2 and 2.5
(1/0.4=2.5, 1/0.5=2). We also use a cubic time trend to represent ln(θct/θnt) in
Columns (3) and (6) as robustness checks, but the results are similar to the ones
using a quadratic time trend, and the coefficients of the cubic term are small and
insignificantly different from zero.
1.3.2 Elasticity of Substitution across Experience Groups, Different by
Workers’ University Attainment
The elasticity of substitution across experience groups was constrained to be iden-
tical for workers both with and without university education in the previous subsec-
tion, but we can relax this constraint. Specifically, if the elasticity of substitution
across experience groups is σcExp for workers with university education and σ
n
Exp for
workers without university education, we obtain an analogous equation to Equation
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(1.5):
ln(
W ckt
W nkt
) = ln(
θct
θnt
) + ln(
βk
αk
)− 1
σEdu
ln(
Ct
Nt
)
− 1
σcExp
[ln(Ckt)− ln(Ct)] + 1
σnExp
[ln(Nkt)− ln(Nt)]. (1.6)
Now, we can run OLS regressions to estimate Equation (1.6). Because Ct and Nt
still depend on Ckt and Nkt, we re-construct Ct and Nt by using a modified two-step
estimation procedure to take into account that the value of σcExp and σ
n
Exp might be
different (the details of this procedure can also be found in Appendix A.2), while the
other variables are the same as in the previous subsection.
Table 1.4 presents the regression results. The coefficient of ln(Ckt) − ln(Ct) rep-
resents −1/σcExp, and the coefficient of ln(Nkt)− ln(Nt) represents 1/σnExp. As can be
seen, across all specifications, the results suggest that σcExp > σ
n
Exp, and the adjusted
R2’s are higher than those in Table 1.3, indicating a better fit. Therefore, in terms
of model selection, we prefer the specification with non-linear time trend and based
on Equation (1.6) (Columns (2) and (5) in Table 1.4), which allows the elasticity
of substitution between more- and less-experienced workers to be different between
university- and non-university-educated workers.
1.3.3 Relative Supply and Demand Shifts for University-Educated Work-
ers
Now, we compare the magnitudes of the relative supply and demand shifts for
university-educated workers. Equation (1.6) is the labor demand function. Based on
the functional form of labor demand and using a framework similar to Goldin and
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Katz (2008, Chapter 8), we first define
ln(
W ckt
W nkt
) ≡ ln(Dkt )− ln(Skt ) (1.7)
ln(Skt ) =
1
σEdu
ln(
Ct
Nt
) +
1
σcExp
[ln(Ckt)− ln(Ct)]− 1
σnExp
[ln(Nkt)− ln(Nt)] (1.8)
ln(Dkt ) = ln(
W ckt
W nkt
) +
1
σEdu
ln(
Ct
Nt
) +
1
σcExp
[ln(Ckt)− ln(Ct)]− 1
σnExp
[ln(Nkt)− ln(Nt)].
(1.9)
Equation (1.7) indicates that the university wage premium is determined by the
counterbalance between ln(Skt ) and ln(D
k
t ). Ceteris paribus, an increase in the rela-
tive supply of university-educated workers would make the univeristy wage premium
to drop, and the change in ln(Skt ) indicates the magnitude of this drop, which is de-
termined by the elasticity of substitution measures. However, if the magnitude of the
drop in the university wage premium is smaller than the magnitude of the change in
ln(Skt ), it implies that factors other than the labor supply must have changed in a way
to raise the university wage premium, and the magnitude of this raise is indicated by
the change in ln(Dkt ). In other words, the change in ln(D
k
t ) indicates how the shifts
in the labor demand curve affects the university wage premium if we hold constant
the labor supply.
Using the regression results from Column (5) of Table 1.4 for the value of σEdu,
σcExp, and σ
n
Exp in Equations (1.8) and (1.9), Figure 1.10 plots ln(S
k
t ) − ln(Sk1978)
and ln(Dkt ) − ln(Dk1978), labeled as “Supply” and “Demand,” respectively. Since the
university wage premium trends down for less-experienced workers and trends up for
more-experienced workers, as can be seen in Figure 1.10, for workers with 0-9 years of
potential experience, the relative supply of university-educated workers has increased
faster than the relative demand for university-educated workers, while the opposite
is true for more-experienced workers.
So far, we have quantified the shift of the labor demand curve based on the changes
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in wages and labor supply, and we have treated this shift as the change in the relative
demand for university-educated workers, without identifying the factors related to
this shift. Therefore, in the following sections, we will investigate the extent to which
several factors, such as the change in the industrial and occupational employment
and the change in the quality of labor force due to the expansion of post-secondary
education, explain the shift of the labor demand curve.
1.4 Sectoral Employment Shifts and Labor Demand
1.4.1 The Characteristics of the Labor Force and the Changes in Indus-
trial and Occupational Compositions
We first summarize the characteristics (potential experience, educational attain-
ment and gender) of the labor force by industry and occupation. Table 1.5 presents
the effective employment shares by industry, occupation, and years of potential experi-
ence, measured as the share (averaged over the 1978-2011 period) of total weekly work-
ing hours in efficiency units.8 The employment shares by industry between more- and
less-experienced workers are similar, except that the former are concentrated in agri-
cultural sectors, while the latter are concentrated in Manufacturing (especially High
Tech), Financial/Professional Services and Information, and Other Services. As to
occupations, even though one would expect to see a higher share of more-experienced
workers as managers or professionals, the data suggests otherwise. Less-experienced
workers are more likely to be found in white-collar occupations (Administrative, Cler-
8 Since the occupation codes were changed in 1993, making the data systematically different before
1992 and after 1993, we take advantage of the sample rotation structure to see how occupations of
those who did not change jobs were coded in 1992 and 1993. Then, we examine the extent to
which the detailed occupation codes in 1992 corresponded to the following three occupation groups
in 1993: Managerial and Professional; Administrative, Clerical and Sales; and Production Workers
and Laborers, and use this probability to code each detailed industries before 1992 within these three
categories. Besides, there were no athletes and hunters who did not change jobs between 1992 and
1993, so we code all the athletes as Managerial and Professional, and all the hunters as Production
Workers and Laborers.
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ical, and Sales and Managerial and Professional), while more-experienced workers are
actually more likely to work in blue-collar occupations (Production Workers and La-
borers).
Less-experienced workers concentrate in white-collar occupations because educa-
tional attainment has increased throughout this period. Tables 1.6 and 1.7 present
the employment share by workers’ university attainment. As can be seen, university-
educated workers concentrate in white-collar occupations, while workers without
university education concentrate in blue-collar occupations. Besides, for university-
educated workers, more-experienced workers have a higher share in Managerial and
Professional occupations, while for non-university-educated workers, workers with
5 to 24 years of potential experience have a higher share in Managerial and Pro-
fessional occupations. With regard to industrial compositions, university-educated
workers concentrate in a number of service industries (Financial/Professional Services
and Information, Public Administration, and Other Services), more-experienced non-
university-educated workers concentrate in Agriculture, Forestry and Fishing, and
less-experienced non-university-educated workers concentrate in Low Tech and Basic
Manufacturing industries. The employment shares of High Tech Manufacturing and
Whole Sale and Retail Trade are similar for workers both with and without university
education.
In addition to the difference in the industrial and occupational structures between
workers with different levels of experience and education, Tables 1.8 provides infor-
mation on gender differences. As can be seen, female workers are overall more con-
centrated in the service sectors. With regard to occupations, the occupational struc-
ture for male workers is more polarized, with non-university educated male workers
more likely to be Production Workers and Laborers and university-educated workers
concentrating in Managerial and Professional occupations. In contrast, for female
workers, even though non-university-educated female workers are still more likely
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to be Production workers and Laborers, and university-educated female workers are
still more likely to be found in Managerial and Professional occupations, more than
half of the female workers actually concentrate in Administrative, Clerical and Sales
occupations.
So far, we have discussed the overall demographic characteristics of the workforce
by industry and occupation. Now, we turn our focus to the changes in the industrial
and occupational structures over time to identify which demographic groups might
benefit more from the changes in industrial and occupational compositions. Figures
1.11 and 1.12 plot the employment shares by industry from 1978 to 2011. As can
be seen, the employment shares of most non-service sectors, which on average have
a less-educated labor force, decrease over time, except High Tech Manufacturing,
which has an upward trend, and Construction, whose employment share seems to
follow the business cycles. In contrast, the employment shares of the business and
service sectors, which generally have a more-educated labor force, increase over time,
except that the share of Transportation, Warehousing and Communications decreases
over time, and the share of Public Administration employees oscillates around three
to four percent. In addition, Figure 1.13 suggests that employment moves away from
blue-collar to the white-collar occupations. Therefore, the changes in the industrial
and occupational compositions throughout this period seem to favor more-educated,
less-experienced, and female workers.
1.4.2 Quantifying Sectoral Employment Shifts
We now use the model in Katz and Murphy (1992) to quantify the change in the
sectoral employment as described previously. According to Equations (11) and (14)
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in Katz and Murphy (1992), we have
∆Xdm =
∆Ddm
Em
=
∑
j
Ejm
Em
∆Ej
Ej
=
∑
j αjm∆Ej
Em
, (1.10)
∆Xbm =
∆Dbm
Em
=
∑
i
Eim
Em
∆Ei
Ei
=
∑
i αim∆Ei
Em
, (1.11)
∆Xwm = ∆X
d
m −∆Xbm,
where j indexes 42 industry-occupation cells (14 industries × 3 occupations = 42
industry-occupation cells), i indexes 14 industries, m indexes workers’ demographic
groups, E represents employment, and ∆ represents changes. Katz and Murphy
(1992) have proved that ∆Ddm =
∑
j Ejm
∆Ej
Ej
(∆Dbm =
∑
iEim
∆Ei
Ei
) measures the de-
mand shift due to industrial-occupational (industrial) employment shifts for workers
in demographic group m, holding relative wages constant, and ∆Xdm (∆X
b
m) trans-
lates ∆Ddm (∆D
b
m) into percent changes because it equals ∆D
d
m (∆D
b
m) divided by the
employment of workers in demographic group m, Em. Therefore, ∆X
d
m can be viewed
as the overall (industry-occupation) demand shift for workers in demographic group
m, ∆Xbm as the between-industry demand shift for workers in demographic group
m, and ∆Xwm, which is equal to the difference between overall and between-industry
demand shift, as the within-industry demand shift for workers in demographic group
m.
The values of ∆Xdm, ∆X
b
m, and ∆X
w
m are calculated as follows. ∆Ej and ∆Ei
are the differences of employment in sector j and industry i between different years,
respectively, and Em is the employment of workers in demographic group m, aver-
aged throughout the whole period. E is measured as effective labor input, which is
calculated as weekly working hours times estimated hourly wage, normalized so that
total effective labor input sums up to one in each year. To estimate hourly wage,
we first regress real hourly wages on the dummies of year, gender, potential experi-
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ence group, and detailed level of schooling (junior high school and below, senior high
school, vocational senior high school, junior college, and university and above); the
interaction terms of year and gender dummies; and all the interaction terms of gen-
der, detailed level of schooling, and potential experience group. We only include wage
and salaried workers in our regression. Then, we use the estimated regression model
to calculate the estimated real hourly wage for all the employed workers, including
the self-employed workers and unpaid family workers who worked at least 15 hours
for family-owned business during the reference week. As to αjm, we first calculate
αjmt = (Ejmt/Ejt), where Ejmt is the effective labor input of demographic group m
in sector j in year t, and Ejt is the effective labor input in sector j in year t, so αjmt
is the effective employment share of demographic group m in sector j in year t. If Ejt
is equal to zero, αjmt is defined as zero. Then, αjm equals the average of αjmt across
t. We also generate αim in an analogous way.
We first use m to index education-gender cells, and Table 1.9 presents our relative
demand shift estimates. These demand shift measures are generally larger than what
Katz and Murphy (1992, Table VI) obtained, which corresponds to the considerable
changes in industrial and occupational compositions as illustrated in Figures 1.11,
1.12 and 1.13. As can be seen, from 1978 to 2011, the labor demand shifted to female
workers and more-educated workers. Also, most of the demand changes are explained
by the change in the industrial compositions (between-industry shifts).
Now, we separate the demand shifts between 1978 and 2011 into four sub-periods:
1978-1986, 1986-1994, 1994-2002, and 2002-2011, and see how the labor demand shifts
within each period. As displayed in Table 1.9, the overall demand for highly-educated
male and female increases, and the magnitude of this increase also grows over time.
In contrast, the overall demand for less-educated male workers decreases more and
more, while the overall demand for less-educated female workers increases in smaller
and smaller magnitudes or decreases throughout this period. For female workers and
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more-educated male workers, the changes in overall demand are mainly generated
from the changes in industrial compositions, and then the changes in occupational
compositions within each industry gradually incorporates as well. As to less-educated
male workers, the changes in overall demand are mainly due to between-industry
shifts.
In addition to grouping workers by education-gender cells, we can also group work-
ers by education-experience cells. The first eight rows of Table 1.10 report the labor
demand shifts by workers’ educational attainment and years of potential experience.
As can be seen, the overall demand shifts away from more-experienced non-university-
educated workers to less-experienced university-educated workers, and the relative
demand for university-educated workers increases regardless of experience. The last
two rows of Table 1.10 report the labor demand shifts by workers’ university attain-
ment, assuming more- and less-experienced workers to be perfect substitutes. As can
be seen, the increase in the demand for university-educated workers has accelerated
over time. Besides, across educational attainment and potential experience levels, the
change in the within-industry occupational compositions has become more and more
prominent in explaining the changes in labor demand.
Table 1.11 decomposes further the last two rows of Table 1.10 by industry. As can
be seen, the increase in the relative demand for university-educated workers based on
industrial and occupational shifts is mostly attributable to the decrease in the demand
for non-university-educated workers in Agriculture, Forestry and Fishing and Low
Tech Manufacturing and the increase in the demand for university-educated workers
in High Tech Manufacturing, Financial/Professional Services and Information, and
Other Services.
21
1.4.3 Labor Demand Shifts Explained by Sectoral Employment Shifts
We now compare the relative demand shift measure based on sectoral (industrial-
occupational) employment shifts with the relative demand shift measure implied from
relative wage and supply shifts as reported in Section 1.3.3. Based on the functional
form of ln(Dkt ) as given by Equation (1.9), the change in the relative demand for
university-educated workers between year t0 and year t explained by the change in
the sectoral employment, measured in the same metric as ln(Dkt )− ln(Dkt0), is
ln(D˜kt )− ln(D˜kt0) =
1
σEdu
[ln(1 + ∆Xdc )− ln(1 + ∆Xdn)]
+
1
σcExp
[ln(1 + ∆Xdc,k)− ln(1 + ∆Xdc )]
− 1
σnExp
[ln(1 + ∆Xdn,k)− ln(1 + ∆Xdn)],
where demographic group indices “c, k” and “n, k” respectively represent university-
and non-university-educated workers in potential experience group k, and “c” and “n”
respectively represent university- and non-university-educated workers as a whole.
The first eight rows in Table 1.10 provide values of ln(1 + ∆Xdc,k) and ln(1 + ∆X
d
n,k).
As to ln(1 + ∆Xdc ) and ln(1 + ∆X
d
n), because we should take into account the elastic-
ity of substitution between more- and less-experienced workers, their values are not
provided by the last two rows of Table 1.10. Instead, since log linearizing Equations
(1.2) and (1.3) around values in year t0 yields
ln(Ct)− ln(Ct0) =
∑
k
βkC
ηc
kt0∑
k(βkC
ηc
kt0
)
[ln(Ckt)− ln(Ck,t0)]
ln(Nt)− ln(Nt0) =
∑
k
αkN
ηn
kt0∑
k(αkN
ηn
kt0
)
[ln(Nkt)− ln(Nk,t0)],
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we obtain
ln(1 + ∆Xdc ) =
∑
k
βkC
ηc
kt0∑
k(βkC
ηc
kt0
)
[ln(1 + ∆Xdc,k)]
ln(1 + ∆Xdn) =
∑
k
αkN
ηn
kt0∑
k(αkN
ηn
kt0
)
[ln(1 + ∆Xdn,k)].
Table 1.12 reports the values of ln(Dkt ) − ln(Dkt0) and ln(D˜kt ) − ln(D˜kt0). As can
be seen, both demand shift measures increased between 1978 and 2011, and the rate
of increase accelerated since the mid-1990s. Also, between 1978 and 2011, sectoral
employment shifts explained about 20% of the increase in the relative demand implied
from relative wage and relative supply shifts for less-experienced university-educated
workers and 40% for more-experienced university-educated workers, and sectoral em-
ployment shifts explained more after the mid-1990s than before.
To sum up, the results in this section suggest that the shifts in the industrial
and occupational structures have favored more-educated workers and female workers.
Between-industry shifts dominated first, but the importance of within-industry shifts
has been increasing as well. These shifts explain about one-third of the change in the
university wage premium due to the increase in the relative demand for university-
educated workers.
1.5 Quality of Labor Force
One might wonder whether the observed increase in the (unexplained) relative
demand for university-educated workers is due to the change in the relative “quality”
of university-educated workers. After all, this expansion of post-secondary education
allows students from the vocational path, who had little chance to attend university
before the expansion, to pursue post-secondary education. Also, it is likely that
less academically accomplished students who would not have had access to higher
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education now are able to enter university. Since the productivity of the workers who
can only enter university under the expansion might be different from those who would
enter university regardless of the expansion, we adjust for the measurement of the
efficiency unit of labor in this section as a robustness check. This exercise also allows
us to investigate the extent to which the change in the quality of university-educated
workers affects the university wage premium.
1.5.1 Controlling for Tracking: Proportion of Academic and Vocational
Graduates
As stated in Section 1.2, one of the main features of the educational reform in the
1990s was the establishment of institutes and universities of technology, making it
easier for students in the vocational track to pursue higher education. To understand
how this change affects university wage premium, we need information on the labor
market outcomes of university graduates from the academic and vocational tracks
(hereafter “academic graduates” and “vocational graduates,” respectively). Because
the MUS does not specify whether a university graduate is an academic or a vo-
cational graduate, we incorporate information from other datasets which allow us
to distinguish university graduates by tracks: the Taiwan Integrated Postsecondary
Education Database (TIPED) and the Panel Study of Family Dynamics (PSFD).
TIPED surveys college students and recent graduates, while PSFD, a survey similar
to the PSID in the US, surveys individuals born in 1935 and later. Details about the
TIPED and the PSFD can be found respectively in Appendices A.1.2 and A.1.3, while
the information on the labor market outcomes of academic and vocational graduates
obtained from these datasets can be found in Appendix A.3.
To quantify the extent to which tracking affects university wage premium, we first
construct the relative supply and wage measures of university-educated workers in the
unit of academic-graduate equivalents. Specifically, define W akt and C
a
kt respectively as
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the wage and the labor supply of university-educated workers, measured in the unit
of academic-graduate equivalents. Since the MUS does not distinguish university-
educated workers by tracks, W akt is constructed by the following steps:
W ckt = pW
a
kt + (1− p)W vkt
= pW akt + (1− p)τW akt
⇒ W akt =
W ckt
p+ τ(1− p) ,
where W ckt is the mean wage of university-educated workers, obtained from the MUS;
W akt and W
v
kt represent the mean wage of academic and vocational graduates, respec-
tively; p is the proportion of academic graduates to the whole university graduates;
and τ is the average earnings of vocational graduates relative to that of academic
graduates. With regard to Cakt,
Cakt = [(pCkt)
ψ + τ((1− p)Ckt)ψ]
1
ψ , (1.12)
ψ = 1− 1/σAcad,
where Ckt is directly available from the MUS, and σAcad is the elasticity of substitution
between vocational and academic graduates.9 If vocational and academic graduates
are perfect substitutes (σAcad = ∞, or ψ = 1), Equation (1.12) degenerates to the
weighted-sum of the effective supply of academic and vocational graduates, or
Cakt = pCkt + (1− p)τCkt. (1.13)
Also, the aggregate supply of university-educated workers as a whole, measured in
9 As suggested in Appendix A.3, the occupational structure of vocational graduates is closer to
academic graduates than to non-university-educated workers, so we aggregate vocational graduates
with academic graduates, instead of non-university-educated workers, which is what Equation (1.12)
and the rest of the model imply.
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the unit of academic-graduate equivalents, is
Cat = [
∑
k
(βkC
aηc
kt )]
1/ηc
ηc = 1− 1/σcExp.
To construct academic-graduate-equivalent labor supply and wage measures, we
need to know the values of p and τ . Information on p can be found in Figure 1.8,
while τ is set to be 1, 0.95, 0.9, 0.85, 0.8, 0.75, or 0.7 because, according to Table A.3
in Appendix A.3, a vocational graduate earns about 10%-30% less than an academic
graduate does. In addition, if vocational and academic graduates are not perfect
substitutes, we need information on ψ. Ideally, if we had information on the wage
gap between vocational and academic graduates in earlier years, we could obtain an
estimate of ψ. However, TIPED did not start until 2004, and the sample size of
vocational graduates among older cohorts and in earlier years are too small in PSFD.
Therefore, we choose different values of ψ to see whether our results are sensitive to
the choice of ψ. Given that production was not greatly hindered at the time when
vocational graduates did not exist, vocational and academic graduates should be at
least highly substitutable, so σAcad should not be too small, which means ψ should
not be too small, either. Thus, we set ψ to be 1, 0.9, 0.8, 0.7, 0.6, 0.5, 0.4, or 0.3.
Now, applying the specification of Equation (1.6), and replacing W ckt with W
a
kt,
Ckt with C
a
kt, and Ct with C
a
t , which is constructed by using the two-step approach
as mentioned before, we have
ln(
W akt
W nkt
) = ln(
θct
θnt
) + ln(
βk
αk
)− 1
σEdu
ln(
Cat
Nt
)
− 1
σcExp
[ln(Cakt)− ln(Cat )] +
1
σnExp
[ln(Nkt)− ln(Nt)]. (1.14)
As to the extent to which tracking affects the relative demand for university-educated
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workers, since, combining Equations (1.8), (1.9), and (1.14), we obtain
ln(
W akt
W nkt
) + ln(W ckt)− ln(W ckt)
= ln(
θct
θnt
) + ln(
βk
αk
)− ln(Skt )
+
1
σEdu
ln(
Ct
Nt
) +
1
σcExp
[ln(Ckt)− ln(Ct)]− 1
σnExp
[ln(Nkt)− ln(Nt)]
− 1
σEdu
ln(
Cat
Nt
)− 1
σcExp
[ln(Cakt)− ln(Cat )] +
1
σnExp
[ln(Nkt)− ln(Nt)],
we can define the part of demand shift explained by tracking as
ln(T kt ) ≡ ln(W ckt)− ln(W akt)
+
1
σEdu
[ln(Ct)− ln(Cat )] +
1
σcExp
{[ln(Ckt)− ln(Ct)]− [ln(Cakt)− ln(Cat )]}
= ln(W ckt)− ln(W akt)
+(
1
σEdu
− 1
σcExp
)[ln(Ct)− ln(Cat )] +
1
σcExp
[ln(Ckt)− ln(Cakt)]. (1.15)
In other words, tracking affects the relative demand for university-educated workers
through wages, captured by the first term, ln(W ckt)− ln(W akt), and supply, captured by
( 1
σEdu
− 1
σcExp
)[ln(Ct)− ln(Cat )] + 1σcExp [ln(Ckt)− ln(C
a
kt)]. Imagine a situation in which
the total working hours of university-educated workers, Ckt and Ct, and the wage rate
of academic and vocational graduates, W akt and W
v
kt, stay fixed, while the proportion
of academic graduates, p, decreases. This would make ln(W ckt)− ln(W akt) to decrease
because ln(W ckt) decreases when p decreases, which goes in the opposite direction to
the perceived increase in the relative demand for university-educated workers. In
contrast, if academic and vocational graduates are perfect substitutes (ψ = 1) and
τ < 1, ( 1
σEdu
− 1
σcExp
)[ln(Ct)− ln(Cat )] + 1σcExp [ln(Ckt)− ln(C
a
kt)] would increase because
a decrease in p would make ln(Cakt), and thus ln(C
a
t ), to decrease, which is consistent
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to the perceived increase in the relative demand for university-educated workers.10
To quantify the change in ln(T kt ), we first estimate σEdu, σ
c
Exp and σ
n
Exp by running
an OLS regression based on Equation (1.14), and the results under selected param-
eterizations are presented in Tables 1.13 and 1.14. τ = 1 means that vocational
graduates are assumed to earn as much as academic graduates do, so Column (1) in
Tables 1.13 and 1.14 are the same as Columns (2) and (5) in Table 1.4, while τ = 0.75
means that vocational graduates are assumed to earn 75% as academic graduates do.
As can be seen, the results are quite similar across different values of τ and ψ. The
parameterizations not shown in the tables also generate similar results. Using the
estimates as reported in Table 1.14, Table 1.15 presents total relative demand shifts
for university-educated workers, ln(Dkt )− ln(Dkt0), and the part of demand shifts ex-
plained by tracking, ln(T kt ) − ln(T kt0). As can be seen, tracking explains little the
increase in the relative demand for university-educated workers: tracking either has
a small positive or a negative effect on the relative demand for university-educated
workers.
1.5.1.1 Varying the Wage Gap between Vocational and Academic Grad-
uates with the Proportion of Academic Graduates
One might argue that the wage gap between academic and vocational graduates
might be changing over time. For example, because the increase in the number of
vocational post-secondary institutions was both dramatic and rapid, it is possible that
vocational graduates who graduated earlier were similar to academic graduates, and
thus earned roughly as much as academic graduates did, while vocational graduates
who graduated after the expansion earned considerably less than academic graduates.
Therefore, we take this into account by allowing τ to change with p.
For simplicity, we assume the relationship between τ and p can be summarized
10 However, if academic and vocational graduates are not perfect substitutes (ψ < 1), Cakt actually
will increase when p decreases and p is close enough to 1.
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by the following linear function:
τ =
1− τmin
0.5
p+
τmin − 0.5
0.5
, (1.16)
and Figure 1.14 illustrates a graphical representation of Equation (1.16). τmin corre-
sponds to the wage gap between vocational and academic graduates in recent years
when the proportion of academic graduates decreases to around half, so we set τmin
to be 1, 0.95, 0.9, 0.85, 0.8, 0.75, or 0.7, which corresponds to the values obtained
from TIPED and PSFD.
Tables 1.16 and 1.17 present our regression results under selected parameteriza-
tions. The parameterizations not shown in the tables also generate similar results.
As can be seen, the results still do not differ much. Table 1.18 again presents total
relative demand shifts for university-educated workers and the part of demand shifts
explained by tracking. As can be seen, tracking still has little effect on the increase
in the relative demand for university-educated workers.
1.5.2 Controlling for Selection: Mean Ability of Workers with and with-
out University Education
In this section, we reconstruct a measure of labor supply which controls for the
change in workers’ average ability. We assume that the government sets university
admissions quota, and people compete for university admissions based on their ability,
so the university-educated have a higher ability than the non-university-educated.
As a result, when the number of university admissions increases, the mean ability
of both university-educated and non-university-educated workers will decrease, but
not necessarily in the same magnitude. Therefore, the mean ability of university-
educated workers might either increase or decrease relative to the mean ability of
workers without university education.
29
Specifically, we use the following model, adapted from Carneiro and Lee (2011),
to re-construct an ability-adjusted measure of relative labor supply. First, assume
that
A ∼ N(0, σ2A)
Z =
A
σA
,
where A is ability, and Z is a standardized version of A. Assume that university
enrollment depends on Z. Then, given the proportion of people allowed to enter
university, the critical value of Z, c, is determined. Thus, the average abilities of
those admitted and not admitted into university are
E(A|Z > c) = σAλ+(c),
and
E(A|Z < c) = σAλ−(c),
respectively, where
λ+(c) =
φ(c)
1− Φ(c)
λ−(c) = −φ(c)
Φ(c)
.
From the equations above, we can see that when university enrollment increases, c
decreases, so both E(A|Z > c) and E(A|Z < c) decrease.
Suppose the wage rate of workers with and without university education are as
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follows:
ln(W ckt) = ln(Π
c
kt) + A
ln(W nkt) = ln(Π
n
kt) + A.
We standardize A so that σ2A equals the variance of wages, after controlling for po-
tential experience, detailed education level, and the interaction term between gender
and year. Thus, the mean wage of workers with and without university education are
E(ln(W ckt)) = ln(Π
c
kt) + E(A|Z > ckt) = ln(Πckt) + σAλ+(ckt)
E(ln(W nkt)) = ln(Π
n
kt) + E(A|Z < ckt) = ln(Πnkt) + σAλ−(ckt), (1.17)
where ckt is the critical value of Z for the cohort in potential experience group k
in year t. Therefore, when ckt decreases, the mean wage of university-educated and
non-university-educated workers should both decrease.
As to the production function, suppose we can rewrite the production function as
follows:
yt = (θctC
′ρ
t + θntN
′ρ
t )
1/ρ, (1.18)
C ′t = [
∑
k
(βkC
′ηc
kt )]
1/ηc , (1.19)
N ′t = [
∑
k
(αkN
′ηn
kt )]
1/ηn , (1.20)
ηc = 1− 1/σcExp,
ηn = 1− 1/σnExp,
ρ = 1− 1/σEdu.
C ′t, N
′
t , C
′
kt, and N
′
kt represent quality-adjusted effective labor supply. Since Equations
(1.18), (1.19), and (1.20) have similar functional forms as Equations (1.1), (1.2), and
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(1.3), combining first-order conditions and assuming
Πckt =
∂yt
∂C ′t
∂C ′t
∂C ′kt
Πnkt =
∂yt
∂N ′t
∂N ′t
∂N ′kt
,
we obtain:
ln(
Πckt
Πnkt
) = ln(
θct
θnt
) + ln(
βk
αk
)− 1
σEdu
ln(
C ′t
N ′t
)
− 1
σcExp
[ln(C ′kt)− ln(C ′t)] +
1
σnExp
[ln(N ′kt)− ln(N ′t)]. (1.21)
Suppose the relationship between the raw and the quality-adjusted effective supply
is as follows:
C ′kt =CktQ
c
kt
N ′kt =NktQ
n
kt,
where Qckt and Q
n
kt are the average quality of university-educated and non-university-
educated workers, respectively. Specifically,
Qckt =E(exp(A)|Z > ckt) =
exp(
σ2A
2
)Φ(σA − ckt)
Φ(−ckt)
Qnkt =E(exp(A)|Z < ckt) =
exp(
σ2A
2
)Φ(ckt − σA)
Φ(ckt)
,
which are derived from the truncated means of log-normal distribution because exp(A)
is log-normally distributed.
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Now, combining Equations (1.17) and (1.21), we obtain
ln(
W ckt
W nkt
)− σA(λ+(ckt)− λ−(ckt))
= ln(
θct
θnt
) + ln(
βk
αk
)− 1
σEdu
ln(
C ′t
N ′t
)
− 1
σcExp
[ln(Ckt) + ln(Q
c
kt)− ln(C ′t)] +
1
σnExp
[ln(Nkt) + ln(Q
n
kt)− ln(N ′t)], (1.22)
and based on Equation (1.22), the part of demand shift explained by the change in
the quality of labor force due to selection is
ln(Hkt )
≡σA(λ+(ckt)− λ−(ckt)) + 1
σEdu
[ln(
Ct
Nt
)− ln(C
′
t
N ′t
)]
+
1
σcExp
{[ln(Ckt)− ln(Ct)]− [ln(C ′kt)− ln(C ′t)]}
− 1
σnExp
{[ln(Nkt)− ln(Nt)]− [ln(N ′kt)− ln(N ′t)]}. (1.23)
Again, the change in the selection into university affects the relative demand for
university-educated workers through wages, captured by the first term, σA(λ+(ckt)−
λ−(ckt)), and supply, captured by the rest of the terms in the right-hand side of Equa-
tion (1.23). The first term decreases when admission into university increases, while
the rest of the terms might increase or decrease, depending on the counterbalance
between the change in the quality-adjusted effective supply of university-educated
and non-university-educated workers.
To estimate Equation (1.22), ln(θct/θnt) is again represented by a linear or a
quadratic time trend, ln(βk/αk) is again represented by dummies of potential expe-
rience groups, ln(C ′t) and ln(N
′
t) are constructed by using the two-step procedure
as before, and ckt is calculated from the proportion of university-educated workers
in experience group k in year t. Then, we combine all the pieces and run an OLS
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regression. After estimating Equation (1.22), we use Equation (1.23) to calculate
ln(Hkt ).
Table 1.19 presents the regression results based on Equation (1.22). As can be
seen, the results do not change much from the base-line specification (Columns (2) and
(5) in Table 1.4), except that the magnitude of the coefficient of ln(C ′kt)−ln(C ′t) seems
to decrease, which indicates that more- and less-experienced university-educated
workers are close to perfect substitutes. To evaluate the extent to which this difference
affects predicted wage patterns, Figure 1.15 plots the actual and the predicted values
of ln(W ckt/W
n
kt), where “Predicted, No Selection” uses the specification of Column
(5) in Table 1.4, and “Predicted, With Selection” uses the specification of Column
(2) in Table 1.19. As can be seen, the predicted values of ln(W ckt/W
n
kt) are quite
similar regardless of whether we control for workers’ mean ability. Table 1.20 reports
the change in the relative demand for university-educated workers and the part of
demand shift explained by the change in the selection into university, applying the
estimates reported in Column (4) of Table 1.19 as elasticity of substitution measures.
As can be seen, the change in the selection into university does not explain much the
increase in the relative demand for university-educated workers.
1.6 Conclusion
In this paper, we have investigated the effect of the expansion in post-secondary
education since the 1990s on the labor market outcomes in Taiwan. Since the educa-
tional reform in the 1990s, the number of university graduates has increased dramat-
ically, and the share of university-educated workers in the workforce has increased
as well. However, the university wage premium does not seem to plummet, which
implies the relative demand for university-educated workers must have not only in-
creased but also increased at an accelerated rate. We find that the change in the sec-
toral employment is consistent to this implication, and sectoral employment explains
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about one-third of the relative demand for university-educated workers inferred from
changes in relative wages and supply. Changes in the industrial composition dom-
inated throughout the whole period, but the changes in occupational compositions
within each industry gradually revealed its importance in the 2000s. In contrast,
the possible changes in the quality of the labor force due to the expansion, such as
the increase in the share of university graduates from the vocational path and the
decrease in the mean “ability” of workers with and without university education, do
not seem to explain the patterns of the university wage premium much.
After controlling for demand shifts, our estimates suggest that the elasticity of
substitution between workers with and without university education is about 2 to
2.5, and the elasticity of substitution between less- and more-experienced workers
is about 10 for university-educated workers and about 5 for non-university-educated
workers.
In contrast to the situation in the U.S., where the university wage premium in-
creased since 1980, the university wage premium in Taiwan stayed relatively stable
during the past three decades, and the concept of “the race between education and
technology” as proposed by Goldin and Katz (2008), or the counterbalance between
the relative demand and the relative supply of university-educated workers, seems to
explain the difference between the U.S. and Taiwan quite well. The structure of sec-
toral employment shifted toward favoring university-educated workers in both places,
but the relative supply of university-educated workers in the U.S. did not increase as
much nor as rapidly as Taiwan did. Therefore, the expansion in the post-secondary
education in Taiwan can be viewed as a showcase of how education policy can be
used to provide the industry with the kind of labor it needs. The Taiwanese case also
illustrates how education policy might help mitigate the inequality between more-
and less-educated workers.
With regard to the directions for future research, it is worth identifying other rel-
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evant factors of the increase in the relative demand for university-educated workers.
One of the possible candidates might be the changes in the patterns of trade and for-
eign direct investment (FDI). The trade share in Taiwan has been staying at around
40-60% of GDP for three decades, but the trade patterns have shifted substantially
from exporting basic manufacturing products to exporting electronics and machin-
ery. Also, restrictions on FDI, especially outward FDI to China, have been relaxed
gradually since 1987, and the value of outward FDI has increased dramatically in the
2000s. Therefore, it is worth investigating the effects of trade and FDI on the relative
demand for university-educated workers and the university wage premium.
In addition to wage gaps, it is also worth studying the change in the level of the
real wage rate in Taiwan, which trended up between the late 1970s and the mid-1990s
but stagnated afterwards. Formulating a model which combines possible factors that
affect labor supply and demand, such as the expansion in post-secondary education,
trade and FDI, might potentially shed light on understanding the change in the level
of the real wage rate as well.
36
-20,000
40,000
60,000
80,000
100,000
120,000
140,000
160,000
180,000
200,000
220,000
240,000
260,000
1 9
7 8
1 9
8 0
1 9
8 2
1 9
8 4
1 9
8 6
1 9
8 8
1 9
9 0
1 9
9 2
1 9
9 4
1 9
9 6
1 9
9 8
2 0
0 0
2 0
0 2
2 0
0 4
2 0
0 6
2 0
0 8
2 0
1 0
Year
Number
Male Female Total
Figure 1.1: Number of Bachelor Recipients
Figure 1.2: Employment Shares by Educational Attainment and Year
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Figure 1.3: Employment Shares by Educational Attainment, Year and Years of Po-
tential Experience
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Figure 1.4: University Wage Premium
Note: University wage premium is the difference of log hourly wage between university-
educated and non-university-educated workers after controlling for workers’ demographic char-
acteristics. Specifically, we first regress log hourly wage on dummies of potential experi-
ence group, detailed educational attainment, and the whole interaction terms between gender
and year dummies. We run separate regressions for university-educated and non-university-
educated workers, and only wage and salaried workers are included in the wage regressions.
Then, the university wage premium is calculated as the difference in the coefficients of year
dummies between the two wage regressions.
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Source: Adapted from Ministry of Education, Taiwan.
Figure 1.6: The Current Educational System in Taiwan
41
020
40
60
80
100
120
140
160
1 9
7 8
1 9
8 0
1 9
8 2
1 9
8 4
1 9
8 6
1 9
8 8
1 9
9 0
1 9
9 2
1 9
9 4
1 9
9 6
1 9
9 8
2 0
0 0
2 0
0 2
2 0
0 4
2 0
0 6
2 0
0 8
2 0
1 0
School YearTotal (Academic and Vocational) Academic (University and Four-Year College)
Vocational (University of Technology and Institute of Technology)
Figure 1.7: The Number of Post-Secondary Institutions
Academic, Public
Academic, Private
Vocational, Public
Vocational, Private
0%
20%
40%
60%
80%
100%
1 9
5 1
1 9
5 6
1 9
6 1
1 9
6 6
1 9
7 1
1 9
7 6
1 9
8 1
1 9
8 6
1 9
9 1
1 9
9 6
2 0
0 1
2 0
0 6
Year
P r o
p o
r t i o
n  o
f  B
A  R
e c i
p i e
n t s
Figure 1.8: Proportion of BA Recipients Graduated from Academic and Vocational
Paths
42
0.
00
20
.
00
40
.
00
60
.
00
80
.
00
10
0.
00
1950
1952
1954
1956
1958
1960
1962
1964
1966
1968
1970
1972
1974
1976
1978
1980
1982
1984
1986
1988
1990
1992
1994
1996
1998
2000
2002
2004
2006
2008
Ye
ar
%
Se
n
io
r 
Vo
ca
tio
n
a
l H
ig
h 
Sc
ho
o
l
Se
n
io
r 
H
ig
h 
Sc
ho
o
l
Ju
n
io
r 
H
ig
h 
Sc
ho
o
l
F
ig
u
re
1.
9:
T
ra
n
si
ti
on
R
at
es
of
G
ra
d
u
at
es
A
d
va
n
ci
n
g
to
th
e
N
ex
t
L
ev
el
of
S
ch
o
ol
in
g
43
N
o
te
:
“
S
u
p
p
ly
”
=
ln
(S
k t
)
−
ln
(S
k 1
9
7
8
);
“
D
em
a
n
d
”
=
ln
(D
k t
)
−
ln
(D
k 1
9
7
8
).
F
ig
u
re
1.
10
:
R
el
at
iv
e
S
u
p
p
ly
an
d
D
em
an
d
S
h
if
ts
fo
r
U
n
iv
er
si
ty
-E
d
u
ca
te
d
W
or
ke
rs
44
Figure 1.11: Effective Employment Shares in Agricultural, Manufacturing and Con-
struction Industries
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Figure 1.12: Effective Employment Shares in Business and Service Industries
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Table 1.1: Population Share of Completing Post-Secondary Education by Age Group,
2011
Age Groups
Unit: % 25-64 25-34 35-44 45-54 55-64
Taiwan 24 43 23 14 12
Korea 28 39 35 22 11
Japan 26 35 26 27 18
Canada 27 31 32 23 22
UK 30 39 32 24 22
USA 32 33 34 30 31
Source: Table 1-2-4, International Comparison of Education Statisti-
cal Indicators, 2013 Edition, Ministry of Education of Taiwan; Table
A1.3a., Education at a Glance 2013: OECD Indicators.
“University and above” for Taiwan; “Tertiary: type A and advanced
research programs” for other countries.
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Table 1.3: OLS Regression of the University Wage Premium
Grouping of Potential Experience: Five-Year Group Ten-Year Group
Dependent Variable: ln(W ckt/W
n
kt) (1) (2) (3) (4) (5) (6)
ln(Ct/Nt) 0.082 -0.439 -0.410 0.074 -0.488 -0.460
(0.080) (0.109) (0.114) (0.107) (0.067) (0.084)
ln(Ckt/Nkt)− ln(Ct/Nt) -0.138 -0.142 -0.142 -0.185 -0.191 -0.193
(0.052) (0.053) (0.053) (0.040) (0.041) (0.037)
t/10 -0.012 0.008 -0.066 -0.008 0.013 -0.055
(0.050) (0.0488) (0.122) (0.067) (0.065) (0.172)
(t/10)2 0.073 0.119 0.079 0.121
(0.011) (0.068) (0.012) (0.098)
(t/10)3 -0.010 -0.009
(0.014) (0.020)
Observations 272 272 272 136 136 136
Adjusted R2 0.628 0.658 0.660 0.652 0.702 0.703
Dummies for potential experience groups are included in the regression. In Columns (1)-(3) (Five-Year Group), years
of potential experience are grouped as 0-4 years, 5-9 years, ..., 35-39 years; in Columns (4)-(6) (Ten-Year Group),
years of potential experience are grouped as 0-9 years, 10-19 years, 20-29 years, 30-39 years. t is year index, re-scaled
so that t = 1, 2, 3, ..., t2 = 1, 4, 9, ..., and t3 = 1, 8, 27, ... Two-way clustering standard errors by year (t) and group of
potential experience (k) are in parentheses.
Table 1.4: OLS Regression of the University Wage Premium, σcExp 6= σnExp
Grouping of Potential Experience: Five-Year Group Ten-Year Group
Dependent Variable: ln(W ckt/W
n
kt) (1) (2) (3) (4) (5) (6)
ln(Ct/Nt) 0.066 -0.426 -0.401 0.056 -0.474 -0.450
(0.066) (0.119) (0.125) (0.078) (0.084) (0.110)
ln(Ckt)− ln(Ct) -0.092 -0.098 -0.099 -0.135 -0.144 -0.145
(0.028) (0.029) (0.030) (0.018) (0.022) (0.028)
−[ln(Nkt)− ln(Nt)] -0.231 -0.231 -0.231 -0.280 -0.281 -0.281
(0.039) (0.040) (0.039) (0.016) (0.021) (0.017)
t/10 -0.001 0.015 -0.049 0.003 0.019 -0.038
(0.039) (0.037) (0.132) (0.045) (0.045) (0.173)
(t/10)2 0.070 0.110 0.075 0.111
(0.013) (0.082) (0.007) (0.108)
(t/10)3 -0.008 -0.007
(0.017) (0.023)
Observations 272 272 272 136 136 136
Adjusted R2 0.673 0.700 0.701 0.703 0.748 0.748
Dummies for potential experience groups are included in the regression. In Columns (1)-(3) (Five-Year Group), years
of potential experience are grouped as 0-4 years, 5-9 years, ..., 35-39 years; in Columns (4)-(6) (Ten-Year Group),
years of potential experience are grouped as 0-9 years, 10-19 years, 20-29 years, 30-39 years. t is year index, re-scaled
so that t = 1, 2, 3, ..., t2 = 1, 4, 9, ..., and and t3 = 1, 8, 27, ... Two-way clustering standard errors by year (t) and group
of potential experience (k) are in parentheses.
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Table 1.12: Relative Demand Shifts for University-Educated Workers Implied from
Relative Wage and Supply Shifts, ln(Dkt ) − ln(Dkt0), and Implied from Sectoral Em-
ployment Shifts, ln(D˜kt )− ln(D˜kt0)
Unit=100% 1978-1986 1986-1994 1994-2002 2002-2011 1978-2011
ln(Dkt )− ln(Dkt0)
0-9 Years 13.60 1.67 34.03 47.33 96.62
10-19 Years 16.45 3.15 40.04 29.21 88.84
20-29 Years 24.51 1.72 34.80 36.63 97.67
30-39 Years 1.18 8.40 40.12 30.44 80.14
ln(D˜kt )− ln(D˜kt0)
0-9 Years -2.50 4.08 8.13 11.17 20.54
10-19 Years -1.76 4.08 9.17 11.58 22.73
20-29 Years -0.73 4.74 9.82 12.04 25.53
30-39 Years 1.36 6.54 10.43 12.49 30.48
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Table 1.15: Relative Demand Shifts for University-Educated Workers Implied from
Relative Wage and Supply Shifts, ln(Dkt ) − ln(Dkt0), and Implied from Tracking,
ln(T kt )− ln(T kt0)
Unit=100% 1978-1986 1986-1994 1994-2002 2002-2011 1978-2011
τ = 0.75, ψ = 1
(Table 1.14, Column (2))
ln(Dkt )− ln(Dkt0)
0-9 Years 12.06 -0.32 31.56 40.21 83.51
10-19 Years 16.85 2.43 38.42 27.01 84.71
20-29 Years 24.44 1.48 34.05 35.47 95.43
30-39 Years 1.53 8.37 39.05 31.83 80.78
ln(T kt )− ln(T kt0)
0-9 Years -0.24 -0.26 -1.68 -7.75 -9.93
10-19 Years 0.04 -0.16 -0.06 -0.18 -0.36
20-29 Years 0.04 0.07 0.17 1.25 1.53
30-39 Years 0.04 0.07 0.30 1.56 1.97
τ = 1, ψ = 0.9
(Table 1.14, Column (3))
ln(Dkt )− ln(Dkt0)
0-9 Years 13.64 1.79 34.31 47.51 97.25
10-19 Years 16.68 3.40 40.39 29.81 90.28
20-29 Years 24.65 2.03 35.24 37.33 99.26
30-39 Years 1.36 8.68 40.54 31.37 81.95
ln(T kt )− ln(T kt0)
0-9 Years -0.24 -0.26 -0.79 -1.40 -2.69
10-19 Years -0.12 -0.27 -0.53 -1.26 -2.18
20-29 Years -0.12 -0.17 -0.49 -1.05 -1.82
30-39 Years -0.12 -0.17 -0.42 -0.97 -1.67
τ = 0.75, ψ = 0.9
(Table 1.14, Column (4))
ln(Dkt )− ln(Dkt0)
0-9 Years 12.11 -0.19 31.81 40.42 84.15
10-19 Years 17.01 2.64 38.72 27.52 85.90
20-29 Years 24.56 1.73 34.41 36.04 96.74
30-39 Years 1.68 8.61 39.40 32.55 82.25
ln(T kt )− ln(T kt0)
0-9 Years -0.40 -0.44 -2.22 -8.76 -11.82
10-19 Years -0.04 -0.35 -0.44 -1.07 -1.90
20-29 Years -0.04 -0.05 -0.18 0.50 0.21
30-39 Years -0.04 -0.05 -0.01 0.86 0.75
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Table 1.18: Relative Demand Shifts for University-Educated Workers Implied from
Relative Wage and Supply Shifts, ln(Dkt ) − ln(Dkt0), and Implied from Tracking,
ln(T kt )− ln(T kt0), Varying τ
Unit=100% 1978-1986 1986-1994 1994-2002 2002-2011 1978-2011
τmin = 0.75, ψ = 1
(Table 1.17, Column (2))
ln(Dkt )− ln(Dkt0)
0-9 Years 11.98 -0.65 30.99 39.75 82.08
10-19 Years 16.55 1.96 37.73 25.88 82.11
20-29 Years 24.12 0.98 33.26 34.20 92.57
30-39 Years 1.16 7.73 38.33 30.22 77.45
ln(T kt )− ln(T kt0)
0-9 Years -0.01 -0.02 -0.49 -9.90 -10.42
10-19 Years 0.0011 -0.0011 0.04 1.16 1.20
20-29 Years 0.0011 0.0036 0.07 1.63 1.70
30-39 Years 0.0011 0.0036 0.07 1.65 1.73
τmin = 0.75, ψ = 0.9
(Table 1.17, Column (4))
ln(Dkt )− ln(Dkt0)
0-9 Years 12.02 -0.55 31.20 39.93 82.60
10-19 Years 16.72 2.15 37.98 26.31 83.15
20-29 Years 24.20 1.22 33.58 34.69 93.70
30-39 Years 1.26 7.90 38.65 30.85 78.66
ln(T kt )− ln(T kt0)
0-9 Years -0.22 -0.25 -1.14 -10.76 -12.37
10-19 Years -0.11 -0.24 -0.42 0.30 -0.47
20-29 Years -0.11 -0.15 -0.36 0.92 0.30
30-39 Years -0.11 -0.15 -0.30 1.01 0.45
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Table 1.19: OLS Regression of the University Wage Premium, Controlling for Selec-
tion
Grouping of Potential Experience: Five-Year Group Ten-Year Group
Dependent Variable:
ln(W ckt/W
n
kt)− σA(λ+(ckt)− λ−(ckt)) (1) (2)
ln(C ′t/N ′t) -0.392 -0.447
(0.143) (0.101)
ln(C ′kt)− ln(C ′t) 0.002 -0.046
(0.034) (0.020)
−[ln(N ′kt)− ln(N ′t)] -0.188 -0.232
(0.040) (0.018)
t/10 0.032 0.034
(0.034) (0.035)
(t/10)2 0.069 0.075
(0.014) (0.008)
Observations 272 136
Adjusted R2 0.765 0.809
Dummies for potential experience groups are included in the regression. In Column (1) (Five-Year Group), years
of potential experience are grouped as 0-4 years, 5-9 years, ..., 35-39 years; in Column (2) (Ten-Year Group),
years of potential experience are grouped as 0-9 years, 10-19 years, 20-29 years, 30-39 years. t is year index,
re-scaled so that t = 1, 2, 3, ... and t2 = 1, 4, 9, ... Two-way clustering standard errors by year (t) and group of
potential experience (k) are in parentheses.
Table 1.20: Relative Demand Shifts for University-Educated Workers Implied from
Relative Wage and Supply Shifts, ln(Dkt )− ln(Dkt0), and Explained by Selection into
University, ln(Hkt )− ln(Hkt0)
Unit=100% 1978-1986 1986-1994 1994-2002 2002-2011 1978-2011
ln(Dkt )− ln(Dkt0)
0-9 Years 12.08 1.45 31.91 40.46 85.90
10-19 Years 13.05 1.60 39.66 28.12 82.43
20-29 Years 28.15 -2.78 32.92 35.92 94.22
30-39 Years 5.23 13.87 35.91 31.50 86.51
ln(Hkt )− ln(Hkt0)
0-9 Years -3.53 -2.39 -4.14 -3.93 -13.99
10-19 Years -3.14 -2.96 -2.63 -1.97 -10.70
20-29 Years 3.26 -5.07 -3.75 -2.60 -8.16
30-39 Years 4.55 4.79 -5.95 -0.23 3.17
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CHAPTER II
Trade, Outsourcing, and the Demand for Skilled
Labor in Taiwan, 1981-2011
2.1 Introduction
Between 1981 and 2011, the employment share and the relative supply of skilled
labor trended up in Taiwan, but the skill premium did not trend down (Figure 2.1),
which suggests that the relative demand for skilled labor must have increased. Also,
trade as a share of GDP in Taiwan increased from around 40% to 60%, Taiwan shifted
from exporting basic manufacturing products to exporting high-tech manufacturing
products, and China became one of Taiwan’s main trading partners. Given that trade
is an integral part of the Taiwanese economy, in this paper, we study the extent to
which the change in the composition of trading commodities and trading partners is
accountable for the shifts in the relative demand for skilled labor in Taiwan.
Earlier studies on the impact of trade on the skill premium in the U.S. suggested
that the effect was small. The relative demand for skilled labor started to increase in
the 1980s in the U.S., and it was also a period when the imports of unskilled-labor-
intensive manufacturing products increased. However, most studies on the U.S. labor
market as a whole, such as Katz and Murphy (1992), Bound and Johnson (1992),
Berman et al. (1994), and Borjas et al. (1997), found that the effect of trade on the
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relative demand for skilled labor was at most modest, even though the effect may
be large for certain local labor markets (Autor et al., forthcoming). With regard to
this small effect, Krugman (2008) argued that intermediate products with different
skill intensities were often produced in different countries, so the effect of trade would
be bigger if these studies had taken the vertical integration among countries into
account, but he also admitted that more finely disaggregated data by sector would
be needed to prove this claim.
In contrast, earlier studies on other places suggested mixed results. For example,
Wood (1997) summarized that during the 1960s and 1970s in East Asia, including
Taiwan, openness to trade increased and the skill premium decreased, while in Latin
America during the 1980s and 1990s, openness to trade and the skill premium both
increased, and he concluded that this difference might be better explained by the
difference between the two periods, rather than the difference between the two regions.
Robbins (1996) compared nine countries across Asia and Latin America, including
Taiwan, between the 1970s and the mid-1990s, and concluded that opening to trade
would increase the relative demand for skilled workers. Lu (1993) found that trade
patterns explained quite well the decrease in the labor demand for less-educated
women in Taiwan in 1978-1990, but not as much for other workers. Chen and Hsu
(2001) found that exporting to OECD and non-OECD countries had opposite effects
on the skill premium in Taiwan in 1979-1998 for male workers with no more than ten
years of working experience. These papers provided thorough documentation on the
development of Taiwan as well as other developing countries before the mid-1990s,
but given that the Taiwanese economy has also changed dramatically for the past two
decades, an update to these results would be beneficial.
In this paper, we provide more current information and update earlier studies
on Taiwan as mentioned before, and our results may also provide insights to the
aforementioned U.S. literature. Specifically, following the methodology used in the
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U.S. literature, we use a supply-demand framework to quantify the relative demand
for skilled labor explained by trade. However, to construct a better measure of the
factor content of trade, we build a global input-output system to take into account the
demand for intermediate goods implied from observed trade flows. By construction,
this factor content of trade measure includes the kind of outsourcing as described by
Feenstra and Hanson (1996), or the import of intermediate inputs by domestic firms,
and it also addresses the concerns raised by Krugman (2008) about the prevalence of
vertical integration among countries. Moreover, one advantage of using the Taiwanese
data is that our global input-output system does not rely on the proportionality
assumption, which assumes the proportion of imported intermediate input is the
same for all industries, because we have separate input-output tables for domestically
produced and imported intermediate inputs. Depending on data availability, the
number of industries in our system ranges from around 25 to 90.
Despite constructing the factor content of trade with care, our results still suggest
that trade has little effect on the relative demand for skilled labor, or, at least trade
does not greatly affect the relative demand for skilled labor through the between-
industry channel. Even though our data might not be disaggregated enough, either, as
Krugman (2008) discussed about the U.S. data — after all, sectors are not necessarily
defined by skill intensity in the data — this is still an interesting finding. First of all,
unlike the U.S., where trade accounts for only about 10% of the GDP, trade is more
important for the Taiwanese economy, so it is surprising that we also find a small
effect for Taiwan. In addition, we have taken into account trade in intermediate
inputs as much as we can, so it is interesting that the effect is still small. These
results suggest that we should instead look for the other factors which would increase
the relative demand for skilled labor within each industry.
We provide directions for future research by documenting the patterns of out-
sourcing and explaining how it might increase the relative demand for skilled labor
70
within each industry. The prevalence of outsourcing increased dramatically in the
2000s for almost all industries, and since coordinating outsourcing activities requires
non-production workers, who are more likely to be skilled workers, outsourcing may
be accountable for the increase in the relative demand for skilled labor within each
industry.
The rest of the paper is organized as follows. Section 2.2 documents the data
used throughout this paper. Section 2.3 summarizes the patterns of trade and em-
ployment between 1981 and 2011. Section 2.4 calculates the factor content of trade
and quantifies the relative demand for skilled labor explained by trade. Section 2.5
provides directions for future research by documenting the patterns of outsourcing.
Lastly, Section 2.6 concludes.
2.2 Data
2.2.1 Trade Data and Input-Output Tables
Most of the trade data we use in this paper are based on the Monthly Statistics of
Exports and Imports, released by the Ministry of Finance of Taiwan. The statistics are
organized by the 2-digit Standard International Trade Classification (SITC), revision
2 or revision 3, and include several 3-digit sub-commodities which are crucial to the
Taiwanese economy. Since the information on these sub-commodities are not available
in earlier years of data, we use Comtrade, in which Taiwan is listed as “Other Asia,
n.e.s.,” and the NBER-United Nations Trade Data to calculate the proportion of
these sub-commodities to the corresponding 2-digit commodities, and then use these
proportions to recover the trade volumes of sub-commodities. We also use Comtrade
when we draw graphs illustrating trade shares by commodities and trading partners.
All these data are based on customs records and thus do not include trade in services.
Throughout this paper, we use the terms “tradable sector” and “non-tradable sector.”
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The former includes mostly the industries in the primary and secondary sectors and
appears in the customs-record-based trade data, while the latter includes mostly the
tertiary sector and does not appear in such trade data.
Input-output tables of Taiwan are generated by the Directorate-General of Budget,
Accounting and Statistics (DGBAS). There are separate tables for domestic interme-
diate goods, imported intermediate goods, and all intermediate goods combined, and
imports are valued in C.I.F. prices. Both the matrices of coefficients and the trans-
action tables, or the tables used for generating national accounting statistics and the
coefficients in input-output tables, are available, tables are C ×C (both the columns
and the rows list commodities), and about 120-160 commodities are included. Tables
are available in years 1981, 1984, 1986, 1989, 1991, 1994, 1996, 1999, 2001, 2004,
and 2006, but we do not always use all the tables throughout the paper. First, since
firm-level censuses are performed every five years (1981, 1986, 1991, 1996, 2001, and
2006), and tables generated in census years tend to be more accurate, off-census-year
tables are sometimes discarded. Second, tables before 1991 are sometimes not used
because these tables do not separate electronic parts and components out as a distinct
category.
In addition to the trade data based on customs records as mentioned before,
transaction tables provide one other version of trade data. They are generated from
customs records and balance of payments, so they include trade in commodities and
services. Since trade data from transaction tables and the data on employment are
both generated by the DGBAS, the industrial classifications in these two datasets
are more compatible. This compatibility allows us to have as many as 91 industries
when we calculate the factor content of trade, instead of having at most 28 industries
when we use the other trade data. Therefore, even though we will mostly use the
trade data based on customs records to summarize trade patterns, we will use both
versions of trade data to calculate the factor content of trade in Section 2.4.
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2.2.2 Employment Data
We use the 1981-2011 Manpower Utilization Survey (MUS) and the 1987-2011
Employees’ Earnings Survey (EES), both administered by the DGBAS, to obtain
information on employment. The MUS surveys individuals every May, while the EES
is a monthly firm-level survey. The MUS is similar to the Current Population Survey
in the U.S., so it provides detailed information on individual workers, but the indus-
try of electronic parts and components, which is essential to the development of the
Taiwanese economy, was not a distinct category in the MUS until 2002. In contrast,
the EES uses a more refined industrial classification and includes the industry of elec-
tronic parts and components as a distinct category, but the information on individual
workers is not as exhaustive. It only provides information on the number of workers,
total working hours, and total wage bills in each firm, and workers are only separated
into two categories based on occupation. Also, firms in the agricultural sector and
some service sectors are not surveyed in the EES, and employers, self-employed work-
ers, and unpaid family workers working in family businesses are not included. Given
that both surveys have their advantages and limitations, we use both throughout this
paper.
We define skilled labor either by workers’ educational attainment or by occupa-
tion. The first definition of skilled labor is university-educated workers, often labeled
as “University-Educated” throughout the paper. This definition is used only when
we use the MUS data because the EES does not provide information on workers’
educational attainment. The second definition of skilled labor is those who work in
the managerial and professional occupations, often labeled as “Managerial and Pro-
fessional” throughout the paper, and it is used both when we use the MUS and the
EES data. Since the EES separates workers into only two occupational categories,
we consider one of the two categories as managerial and professional when we use
the EES data. As to the MUS, the coding scheme of occupations has changed since
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1993 in the way that occupations are grouped into nine broad categories roughly cor-
responding to skill intensities, coded as 1-9, so we consider occupation codes 1-4 as
managerial and professional.1
We use the 1993-2011 MUS data to examining the mapping between educa-
tion and occupation. Figure 2.2 illustrates the relationship between the proportion
of university-educated workers and the occupation code in 1993-2011. As can be
seen, the mapping between educational attainment and the new occupational coding
scheme are matched quite well, and the proportion of university-educated workers is
much lower for occupation codes 5-9 than occupation codes 1-4. Figure 2.3 displays
the distribution of occupations in tradable and non-tradable sectors, and the vertical
axis represents the proportion of workers in each occupation. As can be seen, the
distribution of occupations in the tradable sector is more polarized, while the dis-
tribution of occupations in the non-tradable sector concentrates more in the middle.
This suggests that the distinction between skilled and unskilled occupations might
be less clear in the non-tradable sector than in the tradable sector.
We now describe how we generate relative labor supply and relative wage measures
throughout the paper. When we use the EES, we treat total monthly wage bill as
total effective monthly working hours and use this measure as effective labor supply,
while hourly wage is calculated as total monthly wage bill divided by total monthly
working hours. We calculate labor supply and hourly wage measures separately for
skilled and unskilled workers, take logs, and then take difference between skilled and
unskilled workers. These differences are the relative supply and the relative wage of
skilled labor when we use the EES data.
In contrast, since the MUS provide more information on individual workers, we
1 The definition of the occupation code in the 1993-2011 MUS is as follows: 1 represents Legisla-
tors, Senior Officials and Managers; 2 represents Professionals; 3 represents Technicians and Asso-
ciate Professionals; 4 represents Clerical Support Workers; 5 represents Service and Sales Workers; 6
represents Skilled Agricultural, Forestry and Fishery Workers; 7 represents Craft and Related Trades
Workers; 8 represents Plant and Machine Operators and Assemblers; and 9 represents Elementary
Laborers.
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control for several aspects of workers’ characteristics when we use the MUS. Specifi-
cally, we first regress log hourly wage on dummies of potential experience group (0-4
years, 5-9 years, ..., 35-39 years), detailed educational attainment (junior high school
and below, senior high school, vocational senior high school, junior college, univer-
sity), and the whole interaction terms between gender and year dummies. These
regressions are run separately for skilled and unskilled workers, and only wage and
salaried workers are included in the regressions. Then, the skill premium is calculated
as the difference in the coefficients of year dummies between the two wage regressions.
As to the relative labor supply, we first use the aforementioned regressions to predict
the log hourly wage for all the employed workers, including wage and salaried workers,
self-employed workers, and unpaid family workers working at least 15 hours during
the reference week, and we set all the year dummies to be zero. Then, we calculate
the weighted sum of weekly working hours for skilled and unskilled workers, using
the exponential of the predicted log hourly wages as the weight. Finally, we take logs
and then take difference to generate the relative supply of skilled labor.
2.3 Trade Patterns, Input-Output System, and Employment
2.3.1 Gross Trade Patterns
Trade has always been an integral part of the Taiwanese economy, but the impor-
tance of trade increased further in the 2000s. Figure 2.4 illustrates the trade volume
of Taiwan as a share of GDP. As can be seen, both export and import stayed at
around 40% as a share of GDP before 2000, trended upward in the 2000s, and then
reached around 60% in the late 2000s and early 2010s.
With regard to the share of trading commodities, as can be seen in Figure 2.5, the
main export commodities of Taiwan have changed from basic manufacturing prod-
ucts (Food, Beverages, Tobacco, Wood and Paper Products; Garments, Apparel,
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Footwear, and Leather Products) to high-tech manufacturing products (Electronic
Parts and Components; Computers, Electronics, Optical and Precision Instruments;
and Machinery, Power-Generating Machinery, Household Appliances), and the export
share of Electronic Parts and Components has increased from negligible in 1981 to
about 20% in 2011. In contrast, the composition of import commodities stays rel-
atively stable. Besides, Taiwan seems to have moved up its position in the supply
chain in terms of export commodities. Figures 2.6 and 2.7 plot net import as a share
of gross output by commodities. As can be seen, Taiwan has shifted from exporting
Garments, Apparel, Footwear, and Leather Products to exporting Textiles and from
a net importer to a net exporter of Electronic Parts and Components.
Part of the changes in trading commodities might be related to the change in the
relative importance of trading partners. As illustrated in Figure 2.8, even though
Japan and the U.S. remain important trading partners of Taiwan, China has been
Taiwan’s main trading partner since around 2000. The share of export to China
has increased from negligible before 2000 to about 20% in 2012, the share of import
from China has increased steadily since 1990 and reached about 15% in 2012, and the
trade surplus from China has exceeded the trade surplus from the U.S. since the early
2000s. Figures 2.9 and 2.10 illustrate export and import shares by trading partners
and commodities. As can be seen, the patterns of export to China and Hong Kong
are similar: an increase in the export share of Electronic Parts and Components, and
a decrease in the export share of Textiles. With regard to the exports to Japan, the
export share was the largest for food and beverages in the 1980s and 1990s, while the
export share of high-tech manufacturing products was the largest in the 2000s. As to
the exports to the US, the most noticeable change is the decrease in the export share
of apparels. In contrast, the pattern of imports does not change much over time.
To sum up, during the past three decades, the importance of trade to the Tai-
wanese economy has increased, the pattern of export has changed more dramatically
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than the pattern of import, and Taiwan has shifted from exporting basic manufac-
turing products to exporting high-tech products and from exporting final goods to
intermediate products. In addition, the trade share with China was small in the
1980s, but China has become one of Taiwan’s main trading partners in the 2000s.
2.3.2 Input-Output System and Imported Intermediate Input
We first summarize the magnitudes of intermediate input and imported intermedi-
ate input. Table 2.1 presents the proportion of intermediate input to gross output by
sector. As can be seen, the proportion of intermediate input to gross output ranged
around 0.5-0.6 for the whole economy, ranged around 0.35-0.4 for the non-tradable
sector, and increased from around 0.7 to 0.8 for the tradable sector between 1981 and
2006. Table 2.2 summarizes the proportion of imported intermediate input to the
total value of intermediate input. As can be seen, the proportion of imported inter-
mediate input for the whole economy has increased between 1981 and 2006, and the
tradable sector seems to be more responsible for this increase. In short, intermediate
input is an integral part of production, and the importance of imported intermediate
input has increased over time.
Now, we turn our focus to imported intermediate input within more detailed indus-
trial categories. Since producing one unit of output requires domestic and imported
intermediate inputs, which also require domestic and imported intermediate inputs,
and so on, we include the intermediate input of intermediate inputs in our calcula-
tions. Assume that the economy consists of J industries, and A is a J × J matrix
representing the input-output table of Taiwan, so the element of the j-th row and i-th
column of A, A(j, i), represents the amount of industry-j goods required as interme-
diate input to produce one unit of output in industry i. Also, assume A = B11 +B12,
where 1 represents Taiwan and 2 represents the rest of the world, and the elements of
j-th row and i-th column of B11 and B12, B11(j, i) and B12(j, i), represent the amount
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of domestic and imported industry-j goods required as intermediate input to produce
one unit of output in industry i, respectively. Besides, define Yi as a J × 1 vector
with the i-th element to be one and the other elements to be zero.
Figure 2.11 illustrates the relationship among output, intermediate input, and
the intermediate input of intermediate inputs, with domestic intermediate inputs
colored as yellow and imported intermediate inputs uncolored. Concerning simplicity
and data availability, Figure 2.11 assumes that the rest of the world has the same
input-output tables as Taiwan does. To produce one unit of output in industry i,
we need B11Yi units of domestic intermediate input and B12Yi units of imported
intermediate input. In addition, producing B11Yi requires B11B11Yi units of domestic
intermediate input and B12B11Yi units of imported intermediate input, producing
B12Yi requires B11B12Yi units of domestic intermediate input and B12B12Yi units of
imported intermediate input, producing B11B11Yi, B11B12Yi, B12B11Yi, and B12B12Yi
all require domestic and imported intermediate inputs as listed in Figure 2.11, and so
on. Therefore, the sum of all the domestic intermediate inputs required to produce
one unit of output in industry i is B11(I − A)−1Yi, and the sum of all the imported
intermediate inputs required to produce one unit of output in industry i is B12(I −
A)−1Yi.
Table 2.3 summarizes the amount of imported intermediate input required to
produce one unit of output in each industry, excluding the amount of imported Mining
and Quarrying products used as intermediate inputs. In other words, the values in
Table 2.3 represent the sum of all elements in vector B12(I − A)−1Yi subtracting
the amount of imported Mining and Quarrying products used as intermediate input.
For example, in 1981, the total amount of imported intermediate input required for
producing one unit of output in Textiles, excluding the amount of imported Mining
and Quarrying products used as intermediate input for the production of Textiles,
was 0.3760. Since imported Mining and Quarrying products are indispensable inputs
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of production in Taiwan, we exclude those so that the values in Table 2.3 are not
affected too much by the price of imported Mining and Quarrying products. As can
be seen in Table 2.3, across all industries, the amount of imported intermediate input
required to produce one unit of output increased between 1981 and 2006, and the
tradable sector tends to use more imported intermediate input than the non-tradable
sector.2
In addition to imported intermediate input as a whole, we now focus on differ-
ent types of imported products used as intermediate inputs. Table 2.4 presents the
amount of different types of imported intermediate input used for producing one
unit of high-tech manufacturing products. Columns under “Amount of Intermedi-
ate Input” represent the sum of corresponding elements in vector B12(I − A)−1Yi,
and columns under “Proportion to Total Intermediate Input” represent the cor-
responding elements in B12(I − A)−1Yi divided by the corresponding elements in
B11(I−A)−1Yi+B12(I−A)−1Yi. For example, producing one unit of Electronic Parts
and Components in 1991 required 0.7581 units of imported intermediate input, which
included 0.0790 units of imported Mining and Quarrying products; also, imported
intermediate input consisted of 38.35% of the total amount of intermediate input,
and imported Mining and Quarrying products consisted of 60.12% of all the Mining
and Quarrying products used as intermediate input. As can be seen in Table 2.4,
the quantity of imported intermediate input and its proportion to total intermediate
input have increased over time. However, the use of imported Electronic Parts and
Components as intermediate input increased in the 1990s and decreased in the 2000s,
while the use of imported Computers, Electronics, Optics, and Precision Equipment
as intermediate input decreased in the 1990s and then increased in the 2000s. Table
2.5 provides similar information for the textiles and garments industry. As can be
2 If the amount of imported Mining and Quarrying products used as intermediate input was
included in Table 2.3, the values in Table 2.3 for all industries would follow the trend of the price
of imported Mining and Quarrying products, which decreased between 1981 and 1986, increased
slightly between 1986 and 2001, and increased dramatically between 2001 and 2006.
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seen, the use of imported Textiles as an intermediate product has increased and then
decreased over time, while the use of imported Garments, Apparel, Footwear, and
Leather Products as intermediate products have either increased or decreased and
then increased over time. Therefore, in addition to the change in export commodities
as discussed in the previous subsection, Tables 2.4 and 2.5 also suggest that Taiwan
seems to move up its position in the supply chain in terms of the usage of imported
intermediate inputs throughout the production process. Similar patterns can also be
found in other industries in the tradable sector (not reported).
2.3.3 Employment by Industry and Skill Intensity
Before analyzing the source of the increase in the employment of skilled labor,
we first document employment shares by industry. Employment shares are measured
as shares of total effective working hours. The upper panel of Figure 2.12 plots
the employment share of the Agriculture, Forestry and Fishing sector, which trends
downward over time. Since the EES does not survey the Agriculture, Forestry and
Fishing sector, Figures 2.13 and 2.14 respectively plot the employment shares of
industries in the manufacturing and the services sectors to the whole non-agricultural
sector, and the discrepancy between the plots based on the MUS and the EES is
attributable to different sampling frames between the two surveys, such as individual-
level versus firm-level surveys and the inclusion of employers, self-employed workers,
and unpaid family workers working in family businesses.3 As can be seen in Figure
3 The slight difference between “MUS, University-Educated” and “MUS, Managerial and Profes-
sional” is mostly attributable to the difference in the weights used for the construction of effective
hours. To construct effective hours, we first regress log hourly wage on dummies of potential ex-
perience groups (0-4 years, 5-9 years, ..., 35-39 years), dummies of educational attainment (junior
high school and below, senior high school, vocational senior high school, junior college, university
and above), and the whole interactions between gender and year dummies. Only wage and salaried
workers are included in the regression, and we run separate regressions for skilled and unskilled labor.
Then, setting all the year dummies to be zero, we predict the log hourly wage for all the employed
workers, and we use the exponential of predicted log hourly wage to be the weight applied to working
hours. Since the regression results are not identical, the plots of “MUS, University-Educated” and
“MUS, Managerial and Professional” are slightly different as well.
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2.13, the employment shares of most of the industries in the manufacturing sector have
decreased over time, except that the employment share of high-tech manufacturing
increased between the mid-1990s and 2011. According to the upper panel of Figure
2.15, among industries in the high-tech sector, the industry of Electronic Parts and
Components has the largest increase in employment shares. With regard to the
services sector, as can be seen in Figure 2.14, the employment shares of Financial
Services, Professional Services, and Social Services have increased over time.
Then, we focus on the proportion of skilled labor in each industry, which are
plotted in the lower panel of Figure 2.12 and all of Figures 2.16 and 2.17. As can
be seen, even though the results for the services sector are not as consistent across
surveys as they are for the manufacturing sector because the distinction between
skilled and unskilled workers might be less clear in the services sector, we can still see
some general patterns across these plots. Some industries, such as Financial Services,
Professional Services, and Social Services, tend to have higher proportion of skilled
labor than other industries, but the proportion of skilled labor has also increased
within each industry. Also, in the manufacturing sector, the rate of increase in the
proportion of skilled labor is the most rapid in High-Tech Manufacturing, in which the
industry of Computers, Electronics, Optics and Precision Equipment has the highest
rate of increase (lower panel of Figure 2.15).
We now analyze further the change in the employment of skilled labor as described
above by using the decomposition method presented in Berman et al. (1994) and
Murphy and Welch (1993), and we will use more refined industry classifications than
the one we used for the plots as illustrated before. Specifically, the change in the
proportion of skilled workers in the whole labor force between year τ and year t,
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ft − fτ , can be decomposed as follows:
ft − fτ =
∑
i
(fiτ + fit)
2
(sit − siτ ) +
∑
i
(siτ + sit)
2
(fit − fiτ )
=
∑
i
[
(fiτ + fit)
2
− (fτ + ft)
2
](sit − siτ ) +
∑
i
(siτ + sit)
2
(fit − fiτ ),
where fit and fiτ represent the proportion of skilled workers in industry i in year t
and year τ , respectively, and sit and siτ represent the proportion of workers employed
in industry i in year t and year τ , respectively. The first term,
∑
i
(fiτ+fit)
2
(sit − siτ )
or
∑
i[
(fiτ+fit)
2
− (fτ+ft)
2
](sit − siτ ), measures the change in the proportion of skilled
labor for the whole labor force due to the change in the industrial composition,
holding the proportion of skilled labor in each industry fixed, so it can be considered
as “between-industry” shifts of the employment of skilled labor. The second term,∑
i
(siτ+sit)
2
(fit − fiτ ), measures the change in the proportion of skilled labor for the
whole labor force due to the change in the proportion of skilled labor in each industry,
holding the industrial composition fixed, so it can be considered as “within-industry”
shifts of the employment of skilled labor.
Employment is measured as effective working hours. Also, in terms of the mea-
surement of between-industry shifts, we report [ (fiτ+fit)
2
− (fτ+ft)
2
](sit− siτ ) because it
is easier to interpret: it is positive when industry i expands and employs more skilled
labor than average or when industry i shrinks and employs less skilled labor than av-
erage. This choice does not matter at the aggregate level because
∑
i
(fiτ+fit)
2
(sit−siτ )
equals
∑
i[
(fiτ+fit)
2
− (fτ+ft)
2
](sit − siτ ).
Table 2.6 displays the results of decomposition using the EES data. To make it
easier to compare among industries, we use only 18 industries in the tradable sector
and 10 industry in the non-tradable sector to generate Table 2.6, but using a more
refined industrial classification (68 industries in the tradable sector and 23 industries
in the non-tradable sector) also generate similar magnitudes in the between-industry
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and with-industry shifts at the aggregate level. As can be seen, between 1981 and
2011, the proportion of managerial and professional workers in the whole labor force
has increased by about 20% (6.2348%+14.5896%=20.8244%). Within-industry shifts
are larger than between-industry shifts, but between-industry shifts still account for
around 30% of the whole increase in the proportion of managerial and professional
workers (6.2348/20.8244=0.2994). Among industries in the tradable sector, the indus-
tries with larger contributions to the between-industry shifts are Textiles; Garments,
Apparel, Footwear, Leather Products; and Electronic Parts and Components. The
first two industries had larger contributions in 1987-1995, while the third industry had
a larger contribution in 2003-2011. This is consistent with the patterns of the expan-
sion in the high-tech industry and the shrinkage of the textile and garments industry
as discussed before. As to within-industry shifts, the industries with larger contribu-
tions to the within-industry shifts are Electronic Parts and Components; Computers,
Electronics, Optics, Precision Equipment; and Garments, Apparel, Footwear, Leather
Products. We also compare the results between different datasets and definitions of
skilled labor in Table 2.7, where Panel (a) reports the results using the MUS, while
Panel (b) reports the results using the EES. (The period covered in Table 2.7 is 1993-
2011.) As can be seen, the results for the tradable sector are quite similar across
datasets and definitions of skilled labor. Besides, as reported in Panel (a), the in-
dustry of Agriculture, Forestry, and Fishing also makes a large contribution to the
between-industry shifts.
With regard to the non-tradable sector, the results are less consistent. Part of
the inconsistency arises from whether we define skilled labor by workers’ educational
attainment or occupation. As can be seen in Table 2.7(a), even though the between-
industry shifts are similar across definitions of skilled labor, the within-industry shifts
are larger if we define skilled labor as university-educated workers. This might be re-
lated to the expansion in post-secondary education since the mid-1990s because uni-
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versity graduates tend to work in the services sector, and younger university graduates
are more likely to hold entry-level or non-managerial positions than older university
graduates. The other part of the inconsistency arises from the difference between
MUS and EES in terms of sampling frames and distinctions between skilled and un-
skilled occupations, which is revealed by the difference between Panels (a) and (b) in
Table 2.7. However, we can still identify the industries with larger contributions to
the change in the proportion of skilled workers. According to Tables 2.6 and 2.7, these
industries include Medical Services; Social Services; Financial Services; Professional
Services; Transportation, Warehousing, Communications; and Construction.
To summarize, between 1981 and 2011, in terms of gross trade, Taiwan has shifted
from exporting basic manufacturing products to exporting high-tech manufacturing
products. With regard to the usage of imported intermediate input, the dependence
of imported intermediate input has increased over time, but the dependence of up-
stream imported products used as intermediate input, such as electronic parts and
components, increased first and then decreased. As to employment, the employment
shares of the industries which tend to employ more skilled labor, such as electronic
parts and components, financial services, professional services, and social services,
have increased over time, even though the proportion of skilled workers has also in-
creased in all industries. We will investigate further how trade affects the relative
demand for skilled labor in the following section.
2.4 Trade and the Demand for Skilled Labor
2.4.1 Traditional Factor-Proportions Approach
In this section, we use the factor-proportions approach to study the impact of trade
flows on skill premium. This approach involves allocating trade volumes to skilled
and unskilled labor by industry, aggregating these allocations across industries, and
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then analyzing how these aggregated allocations affect the skill premium. Similar
procedures can be found in, for example, Katz and Murphy (1992) and Borjas et al.
(1997).
Assume that production involves two inputs, skilled labor and unskilled labor,
and that the production function follows a CES (Constant Elasticity of Substitution)
form:
Yt = (θCtC
r
t + θNtN
r
t )
1/r, (2.1)
r = 1− 1/σ,
where t indexes year; σ is the elasticity of substitution between skilled and unskilled
labor; C and N represent the supply of skilled and unskilled labor, respectively,
measured in effective working hours; and θCt and θNt are technological efficiency
parameters. If workers are paid in the way that relative marginal products equal
relative wages, after solving the first-order conditions and taking logs, we obtain the
following equation:
ln(
WCt
WNt
) = ln(
θCt
θNt
)− 1
σ
ln(
Ct
Nt
). (2.2)
Based on Equation (2.2), we first define
ln(St) =
1
σ
ln(
Ct
Nt
) (2.3)
ln(Dt) = ln(
WCt
WNt
) +
1
σ
ln(
Ct
Nt
). (2.4)
Then, combining Equations (2.3) and (2.4), we obtain
ln(
WCt
WNt
) = ln(Dt)− ln(St). (2.5)
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In other words, the change in the skill premium is determined by the counterbalance
between the changes in the relative demand for skilled labor, ln(Dt), and the changes
in the relative supply of skilled labor, ln(St).
We now quantify the extent to which ln(Dt) is explained by trade flows. To do so,
we first define the employment of skilled and unskilled labor contained in net trade
flows, TCt and T
N
t , as follows:
TCt =
∑
i
aCi Lit
Iit
Yit
(2.6)
TNt =
∑
i
(1− aCi )Lit
Iit
Yit
, (2.7)
where i indexes industry; Lit, Iit, and Yit represent employment, net import, and
gross output, respectively, of industry i in year t; and aCi represents the employment
share of skilled labor in industry i, averaged over a few years around t, and how the
average is calculated depends on data availability and will be discussed in detail later.
Then, we define the “implicit supply” of skilled and unskilled labor, C ′t and N
′
t , as
C ′t = Ct + T
C
t
N ′t = Nt + T
N
t ,
we define the changes in the skill premium due to the changes in the relative implicit
supply of skilled labor as
ln(S ′t) =
1
σ
ln(
C ′t
N ′t
), (2.8)
and we define trade contributions to the changes in the skill premium as
ln(Tt) = −[ln(S ′t)− ln(St)].
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We define ln(Tt) this way so that it goes in the same direction as ln(Dt). An increase
in the import of skill-intensive goods implies a decrease in the relative demand for
skilled labor, or an increase in the relative implicit supply of skilled labor, ln(S ′t), so
ln(Tt) should decrease. Likewise, an increase in the export of skill-intensive goods
implies an increase in the relative demand for skilled labor, or a decrease in the
relative implicit supply of skilled labor, so ln(Tt) should increase.
If we decompose Equation (2.5) as follows,
ln(
WCt
WNt
) = [ln(Dt)− ln(Tt)] + ln(Tt)− ln(St), (2.9)
we can see that skill premium is determined by the changes due to labor supply, ln(St),
the changes due to trade, ln(Tt), and the changes in unexplained labor demand factors,
[ln(Dt) − ln(Tt)]. Therefore, we can compare the magnitude of ln(Dt) and ln(Tt) to
study the extent to which trade explains the changes in labor demand.
To calculate ln(Tt) and ln(Dt), we need information on σ, which can be obtained
from running an OLS regression to estimate Equation (2.2). Table 2.8 displays the
regression results. We use polynomial time trends (Columns (1)-(12)) or polynomial
time trends and month dummies (Columns (13)-(16)) to represent ln(θCt/θNt). As
can be seen, across specifications, datasets, and definitions of skilled labor, after
sufficient detrending, 1/σ ranges from around 0.3 to 0.5, which suggests the elasticity
of substitution between skilled and unskilled workers is around 2 to 3.3.
Table 2.9 illustrates the change in ln(Dt) and ln(Tt) over time. Based on the
regressions results as displayed in Table 2.8, we assume 1/σ ∈ [0.3, 0.5], but the
results are very similar across different values of σ, so we only report the results for
1/σ = 0.5. “MUS, University-Educated” and “MUS, Managerial and Professional”
include 25 industries (15 in the tradable sector and 10 in the non-tradable sector),
while “EES, Managerial and Professional” uses the EES data in May and includes 28
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industries (18 in the tradable sector and 10 in the non-tradable sector). The trade
data for these rows are from the Monthly Statistics of Exports and Imports, Comtrade,
and the NBER-United Nations Trade Data, which do not have information on trade
in the non-tradable sector. Since these data are available for every year, we calculate
the change between two adjacent years, using the average in the employment share
of skilled labor in industry i over these two adjacent years to construct aCi , and
then sum up all the changes according to the periods specified in the table. “EES,
Managerial and Professional, Trade Data from Transaction Tables” also uses the EES
data in May, but it includes 91 industries (68 in the tradable sector and 23 in the non-
tradable sector), and the trade data for this row comes from transaction tables, which
includes trade in commodities and services. Since we only use the transaction tables
of years 1991, 1996, 2001, and 2006, we calculate directly the changes between 1991
and 1996, between 1996 and 2001, and between 2001 and 2006 and construct aCi by
averaging the employment share of skilled labor in industry i over the whole five-year
periods as specified in the table. As can be seen in Table 2.9, the explanatory power
of trade was larger in 1991-1996 when we define skilled labor as university-educated
workers, and larger in years 2001-2006 when we define skilled labor as workers in
managerial and professional occupations. Trade can explain as much as 9% of the
relative demand for skilled labor in years 2001-2006, but over the past three decades,
ln(Tt) stayed relatively fixed, and the magnitude was negligible compared with the
increase in ln(Dt). Therefore, trade has little effect overall on the relative demand
for skilled labor.
2.4.2 Including Intermediate Inputs Implied from Trade Flows
The traditional factor-proportions approach only takes into account how changes
in gross trade flows affect the skill premium, so it does not include the effect of inter-
mediate inputs embedded in gross trade flows. Therefore, we include these indirect
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effects in this section.
2.4.2.1 Setup
Following Trefler and Zhu (2010), we construct a global input-output system with
J goods (or industries) and two countries, Taiwan and the world. First, we construct
separate input-output tables by source of inputs
Bmn =

Bmn(1, 1) Bmn(1, 2) . . . Bmn(1, J)
Bmn(2, 1) Bmn(2, 2) . . . Bmn(2, J)
...
...
. . .
...
Bmn(J, 1) Bmn(J, 2) . . . Bmn(J, J)

,
where Bmn(i, j) is the amount of good i made in country m used to produce one unit
of good j in country n, and Bmn is a J × J input-output matrix. In short, country
m produces intermediate inputs and country n produces final outputs. Then, we
construct a global input-output system, which can be characterized by the following
2J × 2J matrix:
B =
 B11 B12
B21 B22
 ,
where 1 represents Taiwan and 2 represents the world.
After constructing the global input-output system, we can calculate the amount
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of intermediate inputs required to generate final outputs for trading. First, define
G =
 −X
M
 =

−X1
−X2
...
−XJ
M1
M2
...
MJ

where Xi is the export of good i from Taiwan, Mi is the the import of good i to
Taiwan, X and M are J×1 vectors summarizing the export and import of Taiwan by
industry, respectively, and G is a 2J × 1 vector summarizing gross trade volumes of
Taiwan. In other words, X and M are the final outputs for trading made by Taiwan
and the world, respectively.
In order to generate G, we not only have to produce G, but also have to pro-
duce intermediate inputs BG, which requires intermediate inputs B2G, and so on.
Therefore, the total amount of production required to generate G, is
G+BG+B2G+ ... =
∞∑
k=0
BkG = (I −B)−1G,
where I is a 2J × 2J identity matrix. (I −B)−1G is a 2J × 1 vector, where the first
J elements are negative and represent the amount of intermediate and final output
that each industry in Taiwan has to produce and export to the world, while the last
J elements are positive and represent the amount of intermediate and final output
that each industry in the world has to produce and export to Taiwan.
After obtaining the amount of output required for given trade flows, we now
90
allocate these outputs to skilled and unskilled labor. First, define
DCm(i) =
aCi,mLi,m
Yi,m
DNm(i) =
(1− aCi,m)Li,m
Yi,m
,
where aCi,m represents the proportion of skilled labor in industry i in country m,
averaged over time and in the same way as in Section 2.4.1, and Li,m and Yi,m represent
the amount of employment and gross output of industry i in country m, respectively.
Therefore, DCm(i) and D
N
m(i) correspond to the amount of skilled and unskilled workers
required to produce one unit of gross output in industry i in country m, respectively.
Then, we further define the direct factor requirement matrix, D, as
D =
[
D1 D2
]
=
 DC1 (1) DC1 (2) . . . DC1 (J) DC2 (1) DC2 (2) . . . DC2 (J)
DN1 (1) D
N
1 (2) . . . D
N
1 (J) D
N
2 (1) D
N
2 (2) . . . D
N
2 (J)
 ,
so the implicit supply of skilled and unskilled labor contained in trade flows are
summarized as  TC
TN
 = D(I −B)−1G. (2.10)
Note that TC and TN degenerate to Equations (2.6) and (2.7) in the previous section
when B = 0, or when production does not require intermediate inputs.
The last step is to replace Equation (2.10) with Equations (2.6) and(2.7) and then
recalculate Equation (2.9).
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2.4.2.2 Implementation of the Global Input-Output System
Implementing the global input-output system usually requires gathering informa-
tion on bilateral trade flows and the input-output tables of as many countries as
possible. For example, Trefler and Zhu (2010) used the global input-output system
to test Vanek’s factor content of trade prediction (Vanek, 1968), and Johnson and
Noguera (2012) and the joint OECD-WTO Trade in Value-Added (TiVA) Initiative
used the global input-output system to calculate trade in value-added by country.
However, since our purpose is to study how the change in trade flows affects the skill
premium in Taiwan, what we actually need is the counterfactual amount of skilled
and unskilled labor which would be used in Taiwan if all the imports were made
domestically. Therefore, we assume that the world has the same production process
as Taiwan does (B12 = B21, B11 = B22, D1 = D2), so we only need information on
B11, B12, and D1.
The construction of B usually requires the proportionality assumption, i.e., the
proportion of imported intermediate input i to the total value of intermediate input
i, inferred from gross trade flows and gross output, is the same for all industries.
However, since the DGBAS generates separate input-output tables for domestic and
imported intermediate inputs by tracking the source and the flows of inputs and
outputs, B11 and B12 (and thus, B22 and B21) are directly available and do not rely
on the proportionality assumption.
The input-output tables of 2004 are not used because they generate huge negative
import and export values for several industries, and 2004 was not an census year.
When we use customs-record-based trade data and the MUS, we use all the input-
output tables, except the tables of 2004, to construct B and D, and each table is used
for two to three years, except that the tables of 2001 are used for years 2000-2003 and
the tables of 2006 are used for years 2004-2011. When we use customs-record-based
trade data and the EES, we use the input-output tables of year 1991 and after, except
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the tables of 2004, to construct B and D because tables before 1991 do not separate
“Electronic Parts and Components” out as a distinct category, and each table is used
for two to three years, except that the tables of 2001 are used for years 2000-2003, the
tables of 2006 are used for years 2004-2011, and the tables of 1991 are used for years
1987-1992. When trade data comes from transaction tables, we use the input-output
tables of 1991, 1996, 2001, and 2006.
Our global input-output system sometimes generates negative export values for
Mining and Quarrying. This is because Taiwan has little natural resources and we
assume the world has the same production process as Taiwan does. The negative
export of Mining and Quarrying essentially indicates that if the world was like Taiwan,
some natural resources would have to be given to Taiwan from outside of the global
input-output system to carry out production.
Before constructing trade contributions to the changes in the skill premium based
on D(I − B)−1G, Figure 2.18 illustrates the trade shares based on (I − B)−1G. As
can be seen, apart from negative exports in Mining and Quarrying, which is not
included in Figure 2.18, our global input-output system generates positive exports
and imports for most of the industries. Also, the trends in Figure 2.18 are similar to
the trends of gross trade as illustrated in Figure 2.5, except that the import share of
Electronic Parts and Components is lower in Figure 2.18. Besides, the output of the
non-tradable sector required for generating trade in the tradeable sector accounts for
about 10-15% of trade volumes and does not vary much over time.
We now use Equation (2.10) to recalculate the factor content of trade, and then
calculate the shifts in the relative demand for skilled labor explained by trade in final
and intermediate goods, and the results are reported in Table 2.10. As can be seen,
the results are similar as before, and the magnitude of the change in ln(Tt) is still
negligible compared with that of ln(Dt). Therefore, after taking into account the
intermediate inputs embedded in gross trade flows, the effect of trade on the relative
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demand for skilled labor is still small.
2.5 Outsourcing, Triangular Trade, and Coordinations
The results in the previous section suggest that trade has a small effect on the
relative demand for skilled labor, at least at the between-industry level. Even though
earlier studies on the U.S. labor market also found that the effect of trade on the
relative demand for skilled labor was small, it is interesting that we also find similar
results for Taiwan. First, trade is an integral part of the Taiwanese economy: Trade
accounts for 40-60% of the Taiwanese GDP but only around 10% of the U.S. GDP.
Second, our global input-output system includes the effect of imported intermediate
inputs, which Feenstra and Hanson (1996) view as a form of outsourcing, and it also
implies that countries export and import intermediate inputs back and forth, so it
captures at least to some degree the essence of vertical integration among countries
as described by Krugman (2008).
Conceptually, outsourcing affects the relative demand for skilled labor through two
channels. The first channel is the flow of physical goods, and our calculations already
take this channel into account. For example, an increase in outsourcing may imply
a decrease in the export of physical goods produced by the manufacturing sector. If
disproportionately more unskilled workers are employed in the manufacturing sector,
the decrease in export will hurt unskilled workers more severely, and our calculations
include this effect. Also, within the manufacturing sector, if unskilled-labor-intensive
industries have higher prevalence in outsourcing, unskilled workers will also be hurt
more severely, and this is also included in our calculations.
The second channel is the coordinations required to perform outsourcing. How-
ever, our calculations so far either do not include at all or do not precisely quantify the
demand for workers carrying out the coordinations. One extreme form of outsourcing
which illustrates the importance of coordinations is triangular trade. Triangular trade
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means Taiwanese firms fulfill orders placed by firms in country A by ordering goods
from firms in country B and then directly exporting those goods from country B to
country A. Thus, no physical production is carried out in Taiwan, and these goods
never go through the Taiwanese customs, but at least some non-production workers
have to be employed to carry out the coordinations.
The following example illustrates how our calculations in the previous section
might underestimate the effect of trade on the relative demand for skilled labor. We
use triangular trade as an example, but the same logic also applies to outsourcing in
general because triangular trade essentially means 100% of production is performed
abroad, while outsourcing means some proportion of production is performed abroad.
Imagine a Taiwanese shoes company which used to fulfill foreign orders mostly by
making their own shoes and exporting from Taiwan in the past, but now, it fulfills
most of its foreign orders by triangular trade: requesting suppliers in, for example,
China, to make those shoes and export directly to the destination country. If we use
the trade data based on customs records, since triangular trade does not show up in
the Taiwanese customs record, the data will suggest that export has decreased, and
we will allocate the harm due to this decrease proportionately to skilled and unskilled
workers in our calculations. However, benefits from triangular trade are not allocated
to workers, and since workers carrying out triangular trade are more likely to be non-
production workers, who are more likely to be skilled workers, this will underestimate
the benefits of skilled labor furthermore. Incorporating the global input-output sys-
tem in our calculations does not really solve this issue, either. Suppose the production
process of, and thus the required intermediate input for, physically making a pair of
shoes in Taiwan remains the same. If triangular trade does not require any inter-
mediate inputs, the coefficients in the input-output tables will stay the same. Even
if triangular trade also requires some intermediate inputs, since physical production
tends to require much more intermediate inputs than services, the coefficients in the
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input-output tables will not change much.
If we use the trade data from transaction tables, the profit of triangular trade
will be included as part of net exports, so the benefits of triangular trade will be
allocated to workers in our calculations. However, it is still very likely that we will
allocate too few of the benefits to skilled labor relative to unskilled labor because
the data does not distinguish coordination from physical production, especially in
later years when a larger proportion of net export is generated from triangular trade.
This is related to the issue of data aggregation as described by Krugman (2008), but
with a different flavor. To address the issue we face here, the ideal dataset should be
disaggregated at the right dimension: It should separate the shoes company into at
least two sub-sectors, one represents coordination and the other represents physical
production, instead of fitting the whole shoes company into one category, no matter
how exhaustively refined the industrial classification is.
We now document the patterns of outsourcing in the past three decades. First, we
compare the difference between the amounts of export orders and customs export, and
the information on export orders is based on the firm-level surveys conducted by the
Ministry of Economic Affairs (MOEA) of Taiwan. As can be seen in Figure 2.19, the
difference between these two amounts was very small before 2000, but the amount of
export orders started to exceed the amount of customs export since around 2000, and
the gap between these two amounts widened dramatically in the 2000s. The MOEA
also asked firms in the same surveys the proportion of foreign production they used in
order to fulfill the export orders they received, and as also plotted in Figure 2.19, this
proportion increased dramatically in the 2000s. These patterns suggest that more
and more export orders were fulfilled by outsourcing in the 2000s, sometimes without
having part or even all of the merchandise exporting through the Taiwanese customs.
Second, the DGBAS released aggregated statistics on triangular trade based on
the firm-level censuses in 2006 and 2011, and the results are summarized in Table
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2.11. By definition, only the manufacturing and the wholesale/retail industries per-
form triangular trade, so Table 2.11 reports the number of firms, the proportion of
firms performing triangular trade, and the profit margins in the manufacturing and
the wholesale/retail industries. As can be seen, the proportion of firms performing
triangular trade increased between 2006 and 2011, and the margin between sales rev-
enue and the cost of purchasing from abroad could be large. The DGBAS found that
the profit margin of triangular trade accounted for about 3.3%-4% of the Taiwanese
GDP in recent years.
Third, even though it is not necessary to hold ownership of foreign firms in order
to outsource production abroad, at least part of the outward FDI (Foreign Direct
Investment) from Taiwan to other countries might be used to facilitate outsourcing.
Figure 2.20 plots the amount of outward FDI from Taiwan to other countries approved
by the Investment Commission of MOEA. As can be seen, the amount of outward
FDI from Taiwan to other countries, especially to China, measured as a proportion to
GDP, increased in the 1990s and then more dramatically in the 2000s. The patterns
in U.S. dollars are similar.
Figures 2.19 and 2.20 both suggest that outsourcing increased more dramatically
in the early 2000s. According to the MOEA and the DGBAS, the prevalence of
outsourcing increased for almost every manufacturing industry, and based on the
employment patterns documented in Section 2.3.3, it is true that disproportionately
more unskilled workers are employed in the manufacturing sector, so this suggests
that the relative demand for skilled labor should increase at the between-industry
level when non-manufacturing sector is included in our calculations. However, within
the manufacturing sector, it is actually the high-tech manufacturing, the most skilled-
labor-intensive industry in the manufacturing sector, that had the largest increase
and the highest prevalence in outsourcing in the 2000s, and this would make the
relative demand for skilled labor to decrease at the between-industry level. The
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counterbalance between these two forces might explain why, in the previous section,
even though the effect of trade and outsourcing on the relative demand for skilled
labor was slightly larger between 2001 and 2006, it could only explain at most 9% of
the increase in the relative demand for skilled labor.
Besides, since it requires non-production workers, who tend to be skilled work-
ers, to coordinate outsourcing activities, this suggests that the relative demand for
skilled labor might have increased within each industry when outsourcing increased.
Therefore, quantifying this within-industry effect is worthwhile for future research.
2.6 Conclusion
During the past three decades, the importance of trade to the Taiwanese economy
increased, China became one of Taiwan’s main trading partners, Taiwan moved up its
position in the supply chain in terms of trade in final goods and intermediate inputs,
and it shifted from exporting basic manufacturing products to exporting high-tech
manufacturing products. Also, the employment of skilled labor increased, especially
for the industries which were more skill-intensive, such as the industries of electronic
parts and components, financial services, and professional services, while the relative
wage of skilled labor did not trend down, which suggests that the relative demand
for skilled labor must have increased. To study the relationship between trade pat-
terns and the relative demand for skilled labor, in this paper, we incorporate a global
input-output system to calculate factor content of trade. Even though our calcula-
tions include the effect of trade in intermediate input and the effect of outsourcing on
the relative demand for skilled labor through the flow of physical goods, we still find
that trade has a small effect on the relative demand for skilled labor. However, our
calculations so far only include between-industry shifts, so it is worthwhile focusing
on the channels through which the relative demand for skilled labor would increase
within each industry. Since the prevalence in outsourcing increased for almost every
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industry in the 2000s, and more skilled labor might be needed to coordinate outsourc-
ing activities, this seems to be a plausible channel, and it is worthwhile quantify the
effect of this channel for future research.
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Figure 2.2: Proportion of University-Educated Workers by Occupation Code, 1993-
2011
Figure 2.3: Employment Shares of the Tradable and Non-Tradable Sectors by Occu-
pation Code, Averaged Over 1993-2011
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Figure 2.5: Trade Shares by Commodities
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Figure 2.6: Net Import as a Share of Gross Output
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Figure 2.7: Net Import as a Share of Gross Output
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Figure 2.12: Employment Share and the Proportion of Skilled Labor; Agriculture,
Forestry, Fishing
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Figure 2.13: Employment Share (to the Whole Non-Agricultural Sector) of the Man-
ufacturing Sector
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Figure 2.14: Employment Share (to the Whole Non-Agricultural Sector) of the Ser-
vices Sector
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Figure 2.15: Employment Share (to the Whole Non-Agricultural Sector) and the
Proportion of Skilled Labor in the High-Tech Sector
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Figure 2.16: Proportion of Skilled Labor in the Manufacturing Sector
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Figure 2.17: Proportion of Skilled Labor in the Services Sector
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Figure 2.18: Trade Shares by Commodities, Generated from (I −B)−1G
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Figure 2.20: Outward FDI from Taiwan to Other Countries
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Table 2.1: Proportion of Intermediate Input to Gross Output
Year All Sectors Tradable Sector Non-Tradable Sector
1981 0.6014 0.7160 0.3924
1986 0.5774 0.6902 0.3810
1991 0.5539 0.7021 0.3850
1996 0.5318 0.7129 0.3612
2001 0.5276 0.7378 0.3541
2006 0.5806 0.7922 0.3746
Unit: Intermediate input/gross output.
Table 2.2: Proportion of Imported Intermediate Input to Intermediate Input
Year All Sectors Tradable Sector Non-Tradable Sector
1981 0.2542 0.2843 0.1539
1986 0.2184 0.2399 0.1509
1991 0.2481 0.2869 0.1674
1996 0.2679 0.3217 0.1677
2001 0.2824 0.3523 0.1623
2006 0.3386 0.4120 0.1875
Unit: Imported intermediate input/intermediate input.
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CHAPTER III
Family Socio-Economic Status and Educational
Attainment in Taiwan
3.1 Introduction
One might wonder if the inequality in post-secondary education attainment can
be alleviated by expanding post-secondary education. Taking advantage of the post-
secondary education expansion in Taiwan during the 1990-2000 period, in this paper,
we study how expansion in post-secondary education may affect the effect of family
socio-economic status (SES) on post-secondary education attainment.
To study how SES affects educational attainment, Luoh (2004) formulated a model
to illustrate how changes in admission quotas might change differently the probabil-
ity of educational progression between those with higher and lower SES, and this
difference depends on the enrollment rate before the change in admission quotas. He
then ran probit regressions for birth cohorts 1956-1982 in Taiwan and found that the
marginal effect of SES on advancing to university increased over time because the
rate of enrollment into university in the beginning was very small. Instead of focus-
ing on marginal effects, Tsai and Shavit (2007) focused on coefficients, used logistic
regressions for birth cohorts 1946-1979 in Taiwan, and concluded that the effect of
SES on advancing to junior college and above decreased over time, although the effect
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of SES on advancing to university in contrast to junior college increased over time.
Their framework was based on Mare (1981), which distinguished two concepts of ed-
ucational stratification: the distribution of educational attainment in the population,
and the allocation of educational attainment among people with different levels of
SES. Mare (1981) also compared a linear probability model and a logistic response
model of educational progression and showed that the coefficient of SES in the logis-
tic response model represents the allocation effect, holding fixed the distribution of
educational attainment in the population, while the coefficient of SES in the linear
probability model reflects a mixture of distribution and allocation effects.
In the context of the expansion in post-secondary education during the 1990-2000
period in Taiwan, distribution is determined by the sheer increase in admission quo-
tas, while allocation might be affected by the nature of the expansionary policy or
other factors. Therefore, we formulate a model which explicitly distinguishes be-
tween distribution and allocation, takings into account selection into university, and
this model can be estimated by running probit regressions of post-secondary educa-
tion attainment on SES and other control variables. If expansion in post-secondary
education is only about increasing admission quotas, or changing the distribution of
educational attainment, the marginal effect of SES will change, but the coefficient
of SES should not change. If the coefficient of SES changes, it suggests that factors
other than the increase in admission quotas may have changed at the same time to
affect the allocation of post-secondary education among those with different levels of
SES.
With regard to our results, when we run a probit regression of attainment in
post-secondary education on SES and other controls, the coefficient of SES seems
to increase with admission quotas, especially with the admission quotas to academic
post-secondary education, although the increase is statistically insignificant. We also
find that vocational post-secondary institutions tend to enroll students coming from
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a lower SES background.
The rest of the paper is organized as follows: Section 3.2 briefly summarizes the
Taiwanese education system; Section 3.3 formulates a model on how admission quotas
and SES may affect the distribution and allocation of education; Section 3.4 describes
the dataset used in the paper; Section 3.5 reports empirical results; and Section 3.6
concludes.
3.2 Summary of the Taiwanese Education System
Figure 3.1 illustrates the current education system in Taiwan. The compulsory
education in Taiwan takes nine years, with six years of education in elementary school
and three years in junior high school. Beyond junior high school, secondary educa-
tion (10-12 years of schooling) and post-secondary education (13 and more years of
schooling) are separated into academic and vocational tracks, and students’ placement
depends on their entrance examination scores and preferences.
The Taiwanese government increased admissions in post-secondary education in
around 1990-2000. In addition to allowing existing schools to increase admission
quotas, the increase in admission was mainly accounted for by the creation and the
expansion of post-secondary institutions in the vocational track, which were almost
non-existent before 1990. Since switching tracks during secondary education was
rare, the opportunity of advancing to post-secondary education for students placed
in the vocational track at the level of secondary education before 1990 was limited.
Therefore, the expansion in the post-secondary educaiton during the 1990-2000 period
greatly increased the accessibility to post-secondary education, especially for students
placed in the vocational track during the stage of secondary education. More detailed
description on the education system as well as the expansion in post-secondary edu-
cation in Taiwan can be found in Chapter 1.
Since those who came from a lower SES background in the past were more likely
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to be placed in the vocational track at the stage of secondary education, and the
expansion in post-secondary education in Taiwan during the 1990-2000 period was
achieved not only by increasing admissions in sheer numbers but also by creating a
new type of post-secondary institution, the expansionary policy might affect both
the distribution of educational attainment in the population and the allocation of
education resources among people with different levels of SES. Therefore, in the fol-
lowing section, we will present a model which separates the effect of distribution and
allocation, taking into account the characteristics of the Taiwanese education system.
3.3 A Model on Progression of Education
Consider the following model:
X = βB + ε
ε ∼ N(0, σ2ε)
B ∼ N(µB, σ2B)
X can be viewed as “test score” or “academic preparedness,” and those with higher X
progress to post-secondary education before those with lower X until the admission
quota is met. We assume that X is determined by B, a measure of SES, and ε, an
error term capturing all the factors independent from SES, such as preference and the
part of innate ability independent from SES. β measures the extent to which higher
SES translates to higher educational attainment and may be determined by the opti-
mization behavior of individuals. For example, Solon (2004) extended the Becker and
Tomes (1979) model and provided comparative statics analysis in parents’ decision on
investing in children’s human capital. If this investment is achieved through support-
ing children’s formal education, β will be related to parents’ investment decisions.
Since what matters to admission is the value of X compared with other students,
131
not the exact value of X itself, if we assume B and ε follow a bivariate normal
distribution, we can standardize X and denote the standardized version of X as Z:
Z =
X − E(X)
ν
=
1
ν
ε+
β
ν
(B − µB),
where ν equals
√
σ2ε + β
2V ar(B), so Z follows a standard normal distribution. Figure
3.2 illustrates the distribution of Z conditional on the value of B. For the purpose
of illustration, we only draw two conditional distributions, and BHigh > BLow. As
can be seen, if β increases, β/ν will also increase, so the distance between ZHigh SES
and ZLow SES will increase (the mean of ZHigh SES will be further away from the
mean of ZLow SES).
Now, suppose students are admitted into universities if Z > c, where c represents
admission thresholds, and Y is a categorical variable which equals 0 when Z ≤ c and
1 when Z > c. Then, the probability of entering university is
Prob(Y = 1|B, c) = Prob(Z > c|B, c)
=Prob(
1
ν
ε+
β
ν
(B − µB) > c|B, c)
=Prob(
ε
σε
>
νc
σε
− β
σε
(B − µB)|B, c)
=1− Φ(νc
σε
− β
σε
(B − µB))
=Φ(−νc
σε
− β
σε
µB +
β
σε
B). (3.1)
If we would like to understand how β (or β/σε) changes over time, Equation (3.1)
suggests that we can run a probit regression of Y on B and c and then compare the
coefficient of B across cohorts. B is available from data, while there are two ways
to include c in the regression. Since assuming ε and B to follow a bivariate normal
distribution makes the distribution of Z, and thus the value of c, fully tractable,
the first way is to construct c = Φ−1(1 − p), where p is the proportion of university
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graduates. However, from the derivation in Equation (3.1), we can see that we only
need the conditional distribution of ε, not the joint distribution of ε and B, to estimate
Equation (3.1). Therefore, the second way is to construct c in a less parametric way,
such as using time trend or birth cohort dummies to represent c.
It is worth noting that the existence of c in the model implies that we should take
into account the change in admission quotas by birth cohort within each regression, or
we would encounter the issue of neglected heterogeneity as described by Wooldridge
(2002, Chapter 15.7). Ideally, if we could run separate regressions for every single year
of birth cohort, the constant term would capture the admission quota in each year.
However, because most data on SES and educational attainment has a small sample
size, most studies in the existing literature usually group more than one, usually ten
years of birth cohorts, together, and then compare the effect of SES on educational
attainment across decade-cohorts. If the admission quota does not change much
for older decade-cohorts, but it increases dramatically for younger decade-cohorts,
without controlling for the change in the admission quota within each decade-cohort,
the coefficient of B will be underestimated more severely for younger decade-cohorts,
which affects the comparison between decade-cohorts.
Figure 3.2 suggests how we can interpret our regression results. As can be seen,
the distance between ZHigh SES and ZLow SES is determined by β and unrelated
to the value of c because c depends on the unconditional distribution of Z, which
is standard-normal. If the admission quota changes and β is fixed, the coefficient of
B will not change, while the marginal effect of B will depend on the location of c
and will either increase or decrease, and the model degenerates to the model in Luoh
(2004). In contrast, if the admission quota is fixed and β increases, the coefficient
of B will increase, while the marginal effect of B will either increase or decrease.
Therefore, if the expansionary policy in post-secondary education merely raises the
number of admissions, and if the optimization behavior of individuals is not altered
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by this policy, we should expect to see that the coefficient of B stays fixed over time.1
3.4 Data
We use the Panel Study of Family Dynamics (PSFD), administered by the Academia
Sinica. PSFD is composed of longitudinal surveys tracking individuals and their off-
spring born after 1934, and its design is similar to the PSID in the U.S. Figure 3.3
illustrates the structure of the surveys used in this paper, and the birth cohorts in-
cluded in the same cell are interviewed with the same survey. The surveys of the
PSFD can be classified into three categories: R surveys, or the surveys for the main
respondents (aged 25 and above); C surveys, or the surveys for the main respon-
dents’ children aged 16-24; and RCI surveys, or the surveys for the main respondents’
children who reach age 25 and thus will become main respondents later. The nomen-
clature of the surveys is as follows: R surveys start with “RR-” or “R#-,” where #
stands for Roman numerals, followed by survey year; RCI surveys start with “RCI-,”
followed by survey year; and C surveys start with “C#-,” followed by survey year.2
All the surveys, except survey “RIV-2003, RV-2003,” collect information on cur-
rent labor market outcomes, whereas detailed demographic information, such as age,
sex, educational attainment, and names of schools attended, are collected in RI-1999,
RI-2000, RI-2003, all RCI surveys, and all C surveys. Therefore, we combine infor-
mation across survey waves to gather relevant information.
1 This property is similar to the property of logistic regression models, in which the distribution
of the dependent variable alone does not affect the coefficient of independent variables. The property
of logistic regression models is also indicated in Mare (1981).
2 When the PSFD was launched and gradually expanded its scale between 1999 and 2003, since
main respondents were recruited in different years and were given different surveys according to
their birth year, the nomenclature of the surveys used the Roman numerals to indicate the number
of waves from time of recruitment. For example, as can be seen Figure A.1, in 2003, the main
respondents who were born in 1935-1954 or 1953-1964 answered one and the same survey, while the
main respondents born in 1964-1976 responded to a different survey; in 2004, the main respondents
who were born in 1935-1954, 1953-1964, and 1964-1976 all responded to one and the same survey.
Since 2005, all the main respondents have been interviewed with the same survey, so the Roman
numerals are suppressed.
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3.5 Results
3.5.1 The Effect of SES on Receiving Post-Secondary Education
As described in Section 3.3, the effect of SES on receiving post-secondary edu-
cation can be obtained from running a probit regression based on Equation (3.1).
Since PSFD collects information on the name of post-secondary institutions respon-
dents graduated from, attended, or were attending, we can identify whether respon-
dents graduated from, attended, or were attending an academic or vocational post-
secondary institution (namely, university/college versus institute/university of tech-
nology in Figure 3.1). Therefore, we run two sets of regressions, the dependent vari-
able of the first set is an indicator equaling 1 if respondents graduated from, attended,
or were attending any post-secondary institutions, while the dependent variable in the
second set of regressions equals 1 if respondents graduated from, attended, or were
attending academic post-secondary institutions. We only include the respondents
who were aged 20 and above in the most recent survey that they answered so that
we have the most updated information on their educational attainment, especially
for respondents in C surveys. Given that more senior students in junior colleges have
the same years of education as freshmen or sophomores in universities, restricting re-
spondents to be aged 20 and above also avoids the complication of whether we should
classify junior college students as with or without university education.
We need information on SES and admission thresholds to estimate Equation (3.1).
Figures 3.4 and 3.5 respectively illustrate the proportion of university graduates and
university graduates from the academic track by birth cohort, where “Administra-
tive Data” indicates that the proportions are calculated from the official statistics of
birth, infant mortality, and university graduates, while “PSFD” indicates that the
proportions are calculated from the PSFD dataset.3 Although university graduates
3We do not distinguish graduates, drop-outs and current students in our calculations using PSFD.
Given that the graduation rate in Taiwan is high, we expect most of those who were university
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from the academic track are over-represented in PSFD, the proportions calculated
from administrative data are still close to the proportions calculated from PSFD, so
we use the proportions from administrative data to calculate the admission thresh-
olds to any university, c, and to university in the academic track, cacad, which are
plotted in Figure 3.6. As can be seen, the rate of decrease in c is the largest for birth
cohorts 1976-1986, reflecting the expansion in post-secondary education, and the rate
of decrease in c is larger than the rage of decrease in cacad.
With regard to the information on SES, the variables reflecting SES include par-
ents’ occupation, employment status, education, and ethnicity, and we combine these
variables into a single SES index to represent B. To combine these SES variables,
we use a regression-based approach to determine the weight of each variable. Specif-
ically, we regress log of parental income (sum of father’s and mother’s income) on
SES variables, parents’ age and age squared, and other control variables which will
be included in the subsequent probit regression. Only children (respondents in C
surveys and RCI surveys) aged 20 and above are included in the regression because
we can find information on their parents’ income in R surveys. We average parents’
income and use the median of parents’ other characteristics across survey waves, and
each child appears only once in the regression. After running the regression, the
coefficients of SES variables are then used to construct the SES index for all obser-
vations. The essence of this approach is similar to the MIMIC (Multiple Indicators
and MultIple Causes) model as described in Joreskog and Goldberger (1975): We can
imagine SES as a latent variable that determines how observed indicators – parents’
employment, education, and ethnicity – behave, but our second-stage regression is
non-linear. This approach is also similar to the two-stage least square estimation in
the context of instrumental variable regressions, but not all observations are used in
our first-stage regression.
students when being surveyed would graduate.
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Since the SES index is a generated regressor, we bootstrap the whole two-stage
estimation procedure 1000 times and calculate bootstrap standard errors. Because
PSFD surveys households, we resample household clusters with replacement, so each
bootstrap resample has the same number of clusters as the observed dataset. Our
bootstrap standard errors tend to be larger than the standard errors of a typical
probit regression.
Tables 3.1 and 3.2 report the estimation of Equation (3.1). Table 3.1 includes ev-
eryone, while Table 3.2 includes only those who had advanced to secondary education.
Birth cohorts are grouped in a way based on the pattern of c and data availability,
and birth cohorts 1979-1988 are the cohorts who are the most directly affected by the
expansion in post-secondary education. We use a quadratic trend to represent c and
cacad, and the results of using linear time trend and birth year dummies are similar
and thus not reported. As can be seen, the coefficients of SES for birth cohorts 1959-
1968 are higher than those born in and after 1969, and this might be attributable
to a stronger law enforcement in the enrollment of compulsory education since 1982,
especially at the level of junior high school.4
Since the coefficients of SES for cohorts born in and after 1969 do not show a
clear pattern in Tables 3.1 and 3.2, and we would like to know whether the effect
of SES on advancing to post-secondary education changed during the expansion in
post-secondary education, we run a pooled regression for birth cohorts 1969-1988,
including admission thresholds (c and cacad) and the interaction between SES and
admission thresholds as additional regressors. As explained in Section 3.3, if the
expansion in post-secondary education only affects admission thresholds, β will not
change, suggesting that the coefficient of the interaction term should be zero. The
results are reported in Table 3.3, and as can be seen, in terms of the point estimates,
the coefficients of the interaction term are negative, indicating that the effect of SES
41982-12=1970, so most of those who were subject to the stronger law enforcement in the enroll-
ment of junior high school would be those who were born in September 1969 or later.
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increased when the admission threshold decreased during the expansion. However,
these coefficients are insignificantly different from zero because the standard errors
are very large.
We can interpret the coefficient of the interaction term as follows. According to
Figure 3.6, comparing those who were born in 1969 and 1988, c decreased from around
1 to -0.5, and cacad decreased from around 1 to 0.5. Therefore, the point estimates in
Table 3.3 suggest that the effect of SES for everyone on advancing to any university
increased by about 12% ((−1.5)× (−0.083)÷ 1.003 = 0.1241), and the effect of SES
for everyone on advancing to academic post-secondary institutions increased by about
10% ((−0.5) × (−0.219) ÷ 1.079 = 0.1015). However, due to large standard errors,
these percentages are very imprecisely estimated.
3.5.2 SES and Track Placement in Post-Secondary Education
We now investigate further the student body of academic and vocational post-
secondary institutions. Table 3.4 compares the components of the SES index by
educational attainment and track of post-secondary education. As can be seen, those
placed in academic post-secondary institutions tend to have a higher level of SES:
Their parents are more likely to work in managerial and professional occupations,
work as employees in government or non-profit organizations or employers, have more
years of education, and be mainlanders in ethnicity (those and descendants of those
who immigrated to Taiwan from China during the late 1940s, especially those who
arrived with Chiang Kai-Shek’s regime). To compare the mean of the SES index by
track of post-secondary education, Table 3.5 reports the results of regressing the SES
index on dummies of post-secondary education and other controls, and the results
further confirm that those placed in academic post-secondary institutions tend to
come from a higher SES background.
By construction, the creation of vocational post-secondary institutions would in-
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crease the access to post-secondary education for students in the vocational track,
who were more likely to come from a lower SES background, so this mechanism alone
would be consistent with a decrease in β, or a positive coefficient of the interaction
term in the upper panel of Table 3.3, but our point estimates are negative. However,
since the standard error of these coefficients are large, it is hard to draw conclusion
on their signs.
3.6 Conclusion
In this paper, we have formulated a model to study how expansion in post-
secondary education may affect the effect of SES on receiving post-secondary ed-
ucation. Our model distinguishes the distribution of educational attainment, which
is determined by the number of admissions, from the allocation of education among
people with different levels of SES, which holds fixed admission quotas and is deter-
mined by other factors, such as the admissions process and the optimization behavior
of individuals. Our model can be estimated by running a probit regression of edu-
cational attainment on SES and other controls, and the coefficient of SES represents
the allocation effect, while the marginal effect of SES represents a combination of
distribution and allocation effects.
In the context of the expansion in post-secondary education during the 1990-2000
period in Taiwan, when we run a probit regression of receiving post-secondary ed-
ucation on SES and other controls, the coefficient of SES seems to increase with
admission quotas, especially with the admission quotas of academic post-secondary
education, although the increase is statistically insignificant. We also find that voca-
tional post-secondary institutions tend to enroll students coming from a lower SES
background.
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Source: Adapted from Ministry of Education, Taiwan.
Figure 3.1: The Current Education System in Taiwan
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Figure 3.4: Proportion of University Graduates by Birth Cohort
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Figure 3.5: Proportion of University Graduates from an Academic Post-Secondary
Institution by Birth Cohort
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Table 3.3: Probit Regression of Post-Secondary Education Attainment on SES, Birth
Cohorts 1969-1988
Dependent Variable: 1=Any Post-Secondary Institutions
Everyone With Secondary Education
SES 1.003 1.021
(0.112) (0.119)
SES×c -0.083 -0.165
(0.148) (0.158)
c -0.589 -0.433
(0.075) (0.083)
Hometown (Urban=1) 0.214 0.224
(0.075) (0.078)
Gender (Male=1) -0.096 -0.033
(0.063) (0.066)
Number of siblings -0.077 -0.075
(0.035) (0.037)
Constant 0.061 -0.052
(0.190) (0.194)
Observations 1999 1756
Dependent Variable: 1=Academic Post-Secondary Institutions
Everyone With Secondary Education
SES 1.079 1.339
(0.339) (0.374)
SES×cacad -0.219 -0.537
(0.405) (0.441)
cacad -0.480 -0.132
(0.227) (0.268)
Hometown (Urban=1) 0.112 0.134
(0.074) (0.078)
Gender (Male=1) -0.133 -0.092
(0.067) (0.071)
Number of siblings -0.087 -0.097
(0.037) (0.038)
Constant -0.161 -0.453
(0.273) (0.318)
Observations 1999 1756
Coefficients are reported; bootstrap standard errors are in parentheses.
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Table 3.4: Summary of SES Variables by Track of Post-Secondary Education, Birth
Cohorts 1979-1988
Unit: %, except years of education Without Post-
Secondary
Education
Track of Post-Secondary Education
Vocational Academic
Father’s Occupation
Managerial and Professional 9.27 17.12 31.22
Administrative, Clerical, and Sales 18.70 26.71 27.15
Production Workers and Laborers 72.03 56.16 41.63
Mother’s Occupation
Managerial and Professional 1.81 5.72 16.14
Administrative, Clerical, and Sales 22.00 32.66 35.43
Production Workers and Laborers 76.19 61.62 48.43
Father’s Employment Status
Employer 13.45 13.89 16.21
Employee in Government
or Non-Profit Organizations 8.91 18.06 24.66
Employee in Private Firms 34.79 37.15 30.14
Self-Employed, Unemployed,
Family Worker 42.86 30.90 29.00
Mother’s Employment Status
Employer 2.13 0.67 3.17
Employee in Government
or Non-Profit Organizations 3.93 7.41 18.33
Employee in Private Firms 29.79 30.64 27.60
Self-Employed, Unemployed,
Family Worker 64.16 61.28 50.90
Father’s Ethnicity
Mainlander 3.78 8.50 11.54
Mother’s Ethnicity
Mainlander 3.95 6.67 11.16
Father’s Years of Education
Mean 8.54 10.04 12.07
Standard Deviation 3.49 3.52 3.42
Mother’s Years of Education
Mean 7.65 9.17 11.22
Standard Deviation 3.57 3.27 3.37
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Table 3.5: OLS Regression of SES on Track of Post-Secondary Education
Dependent Variable: SES
Birth Year: 1979-88 1979-83 1984-88
Track of Post-Secondary Education (Base Group
=Without Post-Secondary Education):
Vocational 0.145 0.116 0.154
(0.031) (0.037) (0.053)
Academic 0.355 0.357 0.310
(0.034) (0.044) (0.051)
Hometown (Urban=1) 0.138 0.121 0.209
(0.032) (0.038) (0.048)
Gender (Male=1) -0.038 -0.017 -0.078
(0.024) (0.030) (0.041)
Number of siblings -0.124 -0.116 -0.125
(0.015) (0.019) (0.023)
Constant 0.274 0.228 0.349
(0.046) (0.057) (0.069)
R-squared 0.28 0.26 0.29
Observations 1152 757 395
Clustered standard errors by household are in parentheses.
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APPENDIX A
Appendices for Chapter 1
A.1 Data
A.1.1 Manpower Utilization Survey (MUS)
We use the 1978-2011 MUS as our main dataset for this paper. MUS is con-
ducted by the DGBAS (Directorate General of Budget, Accounting and Statistics)
of Taiwan, and it is analogous to the U.S. March Current Population Survey and the
March Annual Demographic Supplement combined (CPS plus March Supplement).
It surveys about 20,000 households, or about 60,000 respondents aged 15 and above
(excluding soldiers and prisoners), and respondents are interviewed by phone or in
person. The reference week of the MUS is the week of May 15. MUS has a sample
rotation structure similar to the CPS, so half of the sample in our data overlaps with
the sample in the following year.
Some people might be concerned about the following data issues, but these is-
sues generally affect our results very little. First, since the MUS did not distin-
guish baccalaureates from postgraduate degrees before 1988, we aggregate both into
one category, “university and above,” and view the respondents in this category as
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university-educated workers. This should not pose a big concern because for the data
after 1988, the results are similar no matter whether we separate postgraduate degrees
from baccalaureates or not.
Second, although MUS provides information on the educational attainment of
each respondent, before 2007, it did not specify whether the respondent had actually
completed or simply had attended the indicated schooling without completion. For
example, when the educational attainment of a respondent is classified as “senior high
school,” she might either be a student, a dropout, or a graduate from senior high
school. Fortunately, since the surveys of 2007-2011 have information on graduation,
and the surveys of 1978-1987 have information on whether respondents are in school,
we can calculate the graduation rate and in-school rate in these years to see whether
graduates need to be distinguished from non-graduates. Using the survey data in
2007-2011, 80% of the whole sample (aged 15 and above) graduated from the indicated
level of schooling, and 13% of the whole sample were still in school. For age 30 and
above, 95% graduated from the indicated level of schooling, and the in-school rate
was lower than 0.4%. Likewise, using the survey data in 1978-1987, the in-school rate
was about 13% for age 15 and above and 0.1% for age 30 and above. Therefore, since
the graduation rate is relatively high, and few people have long lags in their schooling
trajectory, it should not be a big concern if we cannot distinguish graduates from
non-graduates in our data.
Besides, instead of comparing university- and non-university-educated workers
of the same age, we compare them by years of potential experience. Conceptually,
potential experience means the number of years “potentially” in the labor market,
so it equals age subtracted by years not in the labor market. In Taiwan, given that
elementary school starts at age six, that people younger than age 15 are generally not
allowed to work, and that men,unless they are still at school, have to complete the
mandatory military service of about two years by the January of the year when they
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turn 19, we define years of potential experience for men as
Age− Years not in the Labor Market− 2, if Age ≥ 19
Age− Years not in the Labor Market, if Age ≤ 18
and for women as
Age− Years not in the Labor Market.
“Years not in the Labor Market” equals 15 (=6+9) for individuals whose educational
attainment is junior high school and below, 18 (=6+12) for senior high school or
vocational senior high school, 20 (=6+14) for junior college, 22 (=6+16) for bac-
calaureate, and 24 (=6+18) for master’s or Ph.D. Those whose years of potential
experience are negative are excluded.
A.1.2 Taiwan Integrated Postsecondary Education Database (TIPED)
As mentioned in Section 1.5.1, we use the Taiwan Integrated Postsecondary Educa-
tion Database (TIPED) and the Panel Study of Family Dynamics (PSFD) to gather
information on the labor market outcomes of vocational and academic graduates.
This subsection describes the structure of TIPED.
The TIPED, administered by the Ministry of Education and National Taiwan
Normal University, surveys university students, recent graduates and faculty. Since
our purpose is to find the wage gap and the difference in the occupational structure
between vocational and academic graduates, we use the surveys of recent university
graduates. Those who graduated from university in years 2006-2010 were surveyed
one year after graduation, while those who graduated in 2005 were surveyed both one
year and three years after their graduation. The response rate is about 35-60%, but
most of the surveys were intended to be delivered to everyone in the corresponding
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graduation cohort, so the sample size of each graduation cohort ranges from around
90,000 to 200,000. Samples are weighted to match population characteristics (school,
major and gender), which are available from administrative records.
Most of the micro-level data of the TIPED is not yet released, but detailed fre-
quency tables and descriptive statistics, weighted to match population characteristics,
are reported.1 Therefore, we use their reports to gather information on the wage gap
and the difference in the occupational structure between vocational and academic
graduates.
Since male university graduates have to serve military service for about two years
immediately after graduation, those who answer the questions about labor market
outcomes might be disproportionately female university graduates. Therefore, in
addition to the TIPED, we also use the PSFD, which allows us to include both
male and female university graduates, as a comparison. The following subsection will
discuss the data structure of the PSFD.
A.1.3 Panel Study of Family Dynamics (PSFD)
The design of the PSFD is similar to the PSID in the U.S. PSFD is administrated
by the Academia Sinica. It is composed of longitudinal surveys, and it tracks individ-
uals and their offspring born after 1934. The surveys of the PSFD can be classified
into three categories: R surveys, or the surveys for the main respondents (aged 25
and above); C surveys, or the surveys for the main respondents’ children aged 16-24;
and RCI surveys, or the surveys for the main respondents’ children who reach age 25
and thus will become main respondents later. The nomenclature of the surveys is as
follows: R surveys start with “RR-” or “R#-,” where # stands for Roman numerals,
followed by survey year; RCI surveys start with “RCI-,” followed by survey year;
and C surveys start with “C#-,” followed by survey year. Figure A.1 illustrates the
1 The reports (in Mandarin) can be found in https://www.cher.ntnu.edu.tw/?cat=122.
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structure of the surveys used in this paper. The birth cohorts included in the same
cell are interviewed with the same survey.2
All the surveys, except survey “RIV-2003, RV-2003,” collect information on cur-
rent labor market outcomes, whereas detailed demographic information, such as age,
sex, educational attainment, and names of schools attended, are collected in RI-1999,
RI-2000, RI-2003, all RCI surveys, and all C surveys. Therefore, we combine infor-
mation across survey waves to gather information on the earnings and occupations of
vocational and academic graduates.
Compared with the TIPED, the advantages of using the PSFD data are as follows:
first, the micro-level data of the PSFD is available; and second, we can include both
male and female university graduates into our analysis. However, the sample size of
the PSFD is considerably smaller—about one hundred respondents in each birth-year
cohort. Therefore, we use both the TIPED and the PSFD to gather information on
the earnings and the occupational structure of vocational and academic graduates.
Nevertheless, as will be seen in Appendix A.3, both data generally provide similar
results.
2 When the PSFD was launched and gradually expanded its scale between 1999 and 2003, since
main respondents were recruited in different years and were given different surveys according to
their birth year, the nomenclature of the surveys used the Roman numerals to indicate the number
of waves from time of recruitment. For example, as can be seen Figure A.1, in 2003, the main
respondents who were born in 1935-1954 or 1953-1964 answered one and the same survey, while the
main respondents born in 1964-1976 responded to a different survey; in 2004, the main respondents
who were born in 1935-1954, 1953-1964, and 1964-1976 all responded to one and the same survey.
Since 2005, all the main respondents have been interviewed with the same survey, so the Roman
numerals are suppressed.
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A.2 The Construction of Variables in Equations (1.5) and
(1.6)
A.2.1 Equation (1.5)
ln(
W ckt
W nkt
) = ln(
θct
θnt
) + ln(
βk
αk
)− 1
σEdu
ln(
Ct
Nt
)− 1
σExp
[ln(
Ckt
Nkt
)− ln(Ct
Nt
)]
Before generating variables for Equation (1.5), we first run several wage regressions
at the individual level. Only wage and salaried workers are included in the wage
regressions, and the wage regressions are run separately by workers’ potential expe-
rience group and university attainment. For university-educated workers, we regress
log hourly wage on the whole interaction terms between gender and year dummies,
while in the regressions for non-university-educated workers, the dummies of detailed
educational level (dummies for senior high school, vocational senior high school, and
junior college, treating junior high school and below as the base group) are also in-
cluded as explanatory variables. If years of potential experience are grouped by ten
years (results labeled as “Ten-Year Group” in the main text, where years of potential
experience are grouped as 0-9 years, 10-19 years, ...), dummies of five-year groups
(0-4 years, 5-9 years, ...) are also included in the wage regressions.
After running the wage regressions, we set all the year dummies to be zero and
predict the log hourly wage for all the employed workers, including the wage and
salaried workers, who were included in the regressions, and the employed workers
who were not included in the regressions, such as self-employed workers and the
unpaid family workers who worked at least 15 hours during the reference week.
Then, after running the individual-level wage regressions and predicting the log
hourly wage for all the employed workers, the variables for Equation (1.5) are gener-
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ated as follows.
• ln(θct/θnt) and ln(βk/αk): as mentioned in the main text, ln(θct/θnt) is repre-
sented by a linear or a non-linear time trend, while ln(βk/αk) is represented by
dummies of potential experience groups.
• ln(Ckt/Nkt): The unit of Ckt and Nkt is the number of effective hours worked
per week. Therefore, ln(Ckt) is measured as the average of predicted log hourly
wage plus log total hours worked per week for university-educated workers in
potential experience group k in year t. ln(Nkt) is constructed in the same
manner for non-university-educated workers.
• ln(W ckt/W nkt): ln(W ckt) is the coefficient of the year t dummy in the wage re-
gressions for university-educated workers in potential experience group k, and
ln(W nkt) is created analogously. This measure represents the university wage pre-
mium in year t relative to 1978, controlling for gender and detailed educational
level.
• ln(Ct/Nt): ln(Ct/Nt) is constructed in a two-step procedure, using Equations
(11), (12a) and (12b) in Card and Lemieux (2001). The procedure is as follows.
First, to generate Ct and Nt, we have to obtain the value of σExp before estimat-
ing Equation (1.5). Noting that ln(Ct/Nt) and ln(θct/θnt) together in Equation
(1.5) can be absorbed by year dummies, we can run the following regression to
obtain an estimate of σExp:
ln(
W ckt
W nkt
) = dt + bk − 1
σExp
ln(
Ckt
Nkt
), (A.1)
where dt and bk are year dummies and potential experience group dummies,
respectively. This equation is the same as Equation (11) in Card and Lemieux
(2001).
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We also need the values of αk and βk to generate Ct andNt. From Equations
(12a) and (12b) in Card and Lemieux (2001), we have
ln(W ckt) +
1
σExp
ln(Ckt) = ln(θctC
ρ−η
t Ψt) + ln(βk)
ln(W nkt) +
1
σExp
ln(Nkt) = ln(θntN
ρ−η
t Ψt) + ln(αk),
where Ψt = (θctC
ρ
t + θntN
ρ
t )
1/ρ−1. Again, the first term in the right-hand side of
the equations above can be absorbed by year dummies, so we regress the left-
hand side variables on time dummies and potential experience group dummies.
The coefficients of the potential experience group dummies (plus constant) are
the values of ln(αk) and ln(βk), and the values of αk and βk are then obtained
by taking exponentials. Now, with the estimates of σExp, αk, and βk, we can
construct Ct and Nt by using Equations (1.2) and (1.3).
A.2.1.1 First-Stage Regression Results
Table A.1 presents the regression results using Equation (A.1). As can be seen,
the coefficients of ln(Ckt/Nkt)− ln(Ct/Nt) in the first-stage regressions are very close
to that in the second-stage regressions (Table 1.3). Figure A.2 plots the coefficients
of year dummies with 95% confidence intervals. As can be seen, the increase in the
coefficients of year dummies accelerated since the mid-1990s, implying that in the
second-stage regressions, ln(θct/θnt) might be better approximated by a non-linear
time trend.
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A.2.2 Equation (1.6)
ln(
W ckt
W nkt
) = ln(
θct
θnt
) + ln(
βk
αk
)− 1
σEdu
ln(
Ct
Nt
)
− 1
σcExp
[ln(Ckt)− ln(Ct)] + 1
σnExp
[ln(Nkt)− ln(Nt)].
All the variables, except ln(Ct) and ln(Nt), are constructed the same way as described
in the previous subsection, while ln(Ct) and ln(Nt) are constructed as follows. Instead
of directly using Equation (11) in Card and Lemieux (2001), we run the following
regression to estimate σcExp and σ
n
Exp:
ln(
W ckt
W nkt
) = dt + bk − 1
σcExp
ln(Ckt) +
1
σnExp
ln(Nkt), (A.2)
which can be obtained directly by noting that ln(Ct) and ln(Nt) in Equation (1.6) can
also be absorbed by time dummies. The rest of the steps are the same as described
in the previous subsection.
A.2.2.1 First-Stage Regression Results
Again, Table A.2 presents the regression results using Equation (A.2), and Figure
A.3 plots the coefficients of year dummies with 95% confidence intervals. As can be
seen, the results are similar as before: the coefficients of ln(Ckt) and ln(Nkt) in the
first-stage regressions are very close to that in the second-stage regressions (Table 1.4),
and the increase in the coefficients of year dummies accelerated since the mid-1990s.
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Table A.1: First-Stage Regressions: OLS Regression of Equation (A.1)
Grouping of Potential Experience: Five-Year Group Ten-Year Group
Dependent Variable: ln(W ckt/W
n
kt) (1) (2)
ln(Ckt/Nkt) -0.146 -0.196
(0.020) (0.025)
Observations 272 136
Adjusted R2 0.694 0.728
Dummies of potential experience groups (bk) and year dummies (dt) are included in the regression. In
Column (1) (Five-Year Group), years of potential experience are grouped as 0-4 years, 5-9 years, ...,
35-39 years; in Columns (2) (Ten-Year Group), years of potential experience are grouped as 0-9 years,
10-19 years, 20-29 years, 30-39 years. Heteroskedastically-robust standard errors are in parentheses.
Table A.2: First-Stage Regressions: OLS Regression of Equation (A.2)
Grouping of Potential Experience: Five-Year Group Ten-Year Group
Dependent Variable: ln(W ckt/W
n
kt) (1) (2)
ln(Ckt) -0.104 -0.149
(0.021) (0.029)
ln(Nkt) 0.232 0.282
(0.017) (0.025)
Observations 272 136
Adjusted R2 0.738 0.784
Dummies of potential experience groups (bk) and year dummies (dt) are included in the regression. In
Column (1) (Five-Year Group), years of potential experience are grouped as 0-4 years, 5-9 years, ...,
35-39 years; in Columns (2) (Ten-Year Group), years of potential experience are grouped as 0-9 years,
10-19 years, 20-29 years, 30-39 years. Heteroskedastically-robust standard errors are in parentheses.
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Figure A.2: Coefficients and 95% Confidence Intervals of Year Dummies in Table A.1
Figure A.3: Coefficients and 95% Confidence Intervals of Year Dummies in Table A.2
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A.3 The Wage Gap and the Difference in the Occupational
Structure between Vocational and Academic Graduates
This section summarizes the results from TIPED and PSFD on the wage gap and
the occupational structure of vocational and academic graduates. The micro-level
data of TIPED is not released, so our results from TIPED is based on the detailed
reports of descriptive statistics released online. Because the frequencies in most of
their tables are weighted to population size, we do not have information on the raw
sample size. As to PSFD, we restrict our sample to wage and salaried workers with
0-9 years of potential experience who normally work at least 40 hours weekly. Because
the sample size of vocational graduates among older cohorts and in earlier years are
too small, we only display the results in years 2004-2008. The raw sample size (labeled
as “N” in the following tables) of the results from PSFD is provided. “Year” in the
following tables represents the year when the survey was administered.
A.3.1 Wage Gap
Because the data structure of TIPED and PSFD are different, the mean wage
measures are constructed slightly differently as well. Specifically, the unit of the
results from TIPED is log of mean monthly salary in nominal Taiwanese dollars. The
reports of TIPED provide weighted-frequency tables of nominal monthly salary by
school type, and the amount of monthly salary is grouped into several categories.
Therefore, we first calculate the mean monthly salary by averaging the mid-points
of the amount categories, weighted by the frequencies as suggested in the frequency
tables. Then, we take logs with respect to the mean monthly salary. As to the results
from PSFD, the unit is the mean of log monthly salary in real Taiwanese dollars. We
calculate the real monthly salary of each individual, take logs, and then calculate the
average.
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Table A.3 displays the average monthly salary of vocational and academic gradu-
ates, in the unit of log Taiwanese dollars. As can be seen, calculations using TIPED
suggest that one year or three years after graduating from university, a vocational
graduate earns about 10% less than an academic counterpart does, while calculations
using PSFD suggest that a vocational graduate with 0-9 years of potential experience
earns about 15%-30% lower than an academic counterpart does. Therefore, we set τ
to be between 0.7 and 0.95 in Section 1.5.1.
A.3.2 Occupational Structure
Table A.4 displays the proportion of workers by type of occupation and educa-
tional attainment. As can be seen, academic graduates are slightly more likely to
be found in Managerial and Professional occupations, vocational graduates concen-
trate in Administrative, Clerical and Sales occupations, and non-university-educated
workers concentrate in the occupations of both Administrative, Clerical and Sales
and Production Workers and Laborers.
In addition to the occupational structure by educational attainment, we can also
use the index of dissimilarity in Duncan and Duncan (1955) to quantify how similar
the occupational structure is between academic and vocational graduates. The index
of dissimilarity between academic and vocational graduates is defined as
1
2
3∑
j=1
|aj
A
− vj
V
|,
where aj and vj are the number of academic and vocational graduates in occupation
j, respectively, and A and V are the number of academic and vocational graduates,
respectively. Therefore, the more similar the occupational distribution between aca-
demic and vocational graduates is, the smaller the index of dissimilarity is. The index
of dissimilarity between workers with other levels of educational attainment can also
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be defined analogously.
Table A.5 displays the index of dissimilarity in occupational structure by educa-
tional attainment. As can be seen, the index of dissimilarity is quite small between
vocational and academic graduates in general (about 0.1), except that the values are
larger in the PSFD data in 2004-2006, which might be very likely due to the composi-
tional effect. In the 2004-2006 surveys of the PSFD, among the university graduates
with 0-9 years of potential experience, those who are classified as vocational graduates
tend to have graduated more recently because the proportion of vocational graduates
to the whole university graduates did not reach and plateau at around 50% until
the early 2000s. Thus, the larger index might actually reflect the difference between
workers with more and fewer years of potential experience within the 0-9-year-of-
potential-experience group. When the issue of the compositional effect becomes less
severely in later years of the PSFD survey, the results become more similar to the
results from the TIPED data.
We might wonder whether vocational graduates are more similar to academic
graduates or non-university-educated workers, so we calculate the index of dissim-
ilarity between vocational graduates and non-university-educated workers as well.
As can be seen in Table A.5, the index of dissimilarity is generally smaller be-
tween vocational and academic graduates than between vocational graduates and
non-university-educated workers (about 0.2-0.3), except in 2004-2006 PSFD surveys,
where vocational graduates tend to be younger due to the the compositional effect.
In addition, to understand better about the magnitudes of the index values, we also
calculate the index of dissimilarity between university- and non-university-educated
workers as a comparison, and the results suggest that the index of dissimilarity is
0.3-0.4 between university- and non-university-educated workers.
To conclude, our results suggest that the occupational distribution of the voca-
tional graduates is closer to academic graduates than to non-university graduates, so
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we should aggregate vocational graduates with academic graduates when we calculate
the quality-adjusted quantity of labor supply, as did in Section 1.5.1.
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Table A.3: Average Monthly Salary of Academic and Vocation Graduates (in Natural
Logs)
TIPED PSFD
Year
Type of University Log of Mean Mean of Log
N
Graduate Monthly Salary Monthly Salary
2004
Vocational 10.26 58
Academic 10.51 111
2005
Vocational 10.36 49
Academic 10.53 122
2006
Vocational 10.24 10.24 91
Academic 10.33 10.54 135
2007
Vocational 10.42 41
Academic 10.71 95
2008
Vocational 10.23 10.31 85
Academic 10.35 10.60 125
2009
Vocational 10.20
Academic 10.23
2009*
Vocational 10.27
Academic 10.34
2010
Vocational 10.23
Academic 10.32
Asterisk (*) indicates the TIPED survey which surveys respondents three years after graduation.
All the other surveys of the TIPED survey respondents one year after graduation. Results from
the PSFD include wage and salaried workers with 0-9 years of potential experience who normally
works at least 40 hours per week. The wage measure for the results from the TIPED is log of
mean monthly salary in nominal Taiwanese dollars, while the results from the the PSFD is the
mean of log monthly salary in real Taiwanese dollars.
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Table A.5: Index of Dissimilarity in Occupational Structures by Educational Attain-
ment
Vocational vs Vocational vs University vs
Academic Non-University Non-University
TIPED PSFD PSFD PSFD MUS
Year N N N N
2002 0.4173 6584
2003 0.3995 6392
2004 0.3051 152 0.1786 408 0.3583 530 0.3875 6382
2005 0.2519 149 0.1466 259 0.3341 393 0.4023 6340
2006 0.0780 0.2313 202 0.2658 408 0.3565 557 0.3954 6313
2007 0.1121 0.0778 114 0.2954 166 0.3492 270 0.3842 6225
2008 0.0630 0.1667 184 0.2428 327 0.3720 470 0.3810 5660
2009 0.0735 0.3384 5077
2009* 0.1170
2010 0.0924 0.3704 5386
2011 0.3822 5534
Asterisk (*) indicates the TIPED survey which surveys respondents three years after graduation. All the other
surveys of the TIPED survey respondents one year after graduation. Results from the PSFD and the MUS
include wage and salaried workers with 0-9 years of potential experience who normally works at least 40 hours
per week.
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